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MAIL STOP APPEAL BRIEF - PATENTS 
Commissioner for Patents 
PO Box 1450 

Alexandria, VA 22313-1450 
Commissioner: 

Applicants hereby submit an original and two copies of this Appeal Brief to the Board of 
Patent Appeals and Interferences in response to the final Office Action dated December 18, 
2002. By virtue of the Request for Extension of Time submitted herewith, this brief is due on 
October 23, 2003 (the Notice of Appeal having been received by the PTO on June 23, 2003). 
The $165.00 fee for filing this Appeal Brief is included herewith. If the check is inadvertently 
omitted, or should any additional fees under 37 C.F.R. §§ 1.16 to 1.21 be required for any reason 
relating to the enclosed material, or should an overpayment be included, the Commissioner is 
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authorized to deduct or credit the fees from or to Fulbright & Jaworski L.L.P. Deposit Account 
No.: 50-1212/UTSD:602/MBW. 

I. REAL PARTY IN INTEREST 

The real party in interest is the assignee, Board of Regents, The University of Texas 

System. 

II. RELATED APPEALS AND INTERFERENCES 

There are no appeals or interferences related to this case. 

III. STATUS OF THE CLAIMS 

Claims 38-40, 52-61, 63-68, 70-75, and 100-103 are currently pending. Appellants have 
submitted an amendment to claim 67 concurrently herewith. The amendment is made to resolve 
a minor editing issue, and no new matter is added. A copy of the claims as they will exist upon 
entry of the amendment to claim 67 is attached as Appendix 1 to this brief. A copy of the claims 
as they will exist if the amendment to claim 67 is not made is attached as Appendix 2 to this 
brief. 

IV. STATUS OF AMENDMENTS 

One set of amendments was submitted on February 13, 2003, following the final Office 
Action. The amendments were denied entry on the grounds that they were not deemed to place 
the application in better form for appeal by materially reducing or simplifying the issues for 
appeal. 
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An amendment to the claims is filed concurrent with this brief (copy attached as Exhibit 
A), which if entered amends claim 67 to resolve a minor editing issue. No new matter has been 
added. 

V. SUMMARY OF THE INVENTION 

The present invention is directed to methods of screening for modulators of a 
lipopolysaccharide-mediated response. Specification, p. 77, In. 26 to p. 80, In. 28. 

VI. ISSUES ON APPEAL 

Are claims 38-40, 52-61, 63-68, 70-75, and 100-103 definite under 35 U.S.C. § 112, 

second paragraph? 

Are claims 38-40, 52-61, 63-68, 70-75, and 100-103 enabled under 35 U.S.C. § 112, first 
paragraph? 

VII. GROUPING OF THE CLAIMS 

The claims do not stand and fall together. With respect to the rejection of claims 38-40, 
52-61, 63-68, 70-75, and 100-103 under 35 U.S.C. § 112, second paragraph, on the grounds that 
"TLR-4" is indefinite, Appellants submit that claims 39, 40, 57-61, 74, and 100 are separately 
patentable. Claims 39, 57-61, 74, and 100 each expressly recite the amino acid sequences of one 
or several homologous TLR-4 polypeptides or the nucleotide sequences encoding those 
polypeptides, and claim 40 is dependent on claim 39. These claims necessarily implicate the 
amino acid structure of TLR-4 polypeptides and therefore cannot be indefinite on the grounds 
asserted by the Action. Likewise, any other claim incorporating any such sequences could not be 
rejected on these grounds. 
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With respect to the rejection of claims 38-40, 52-61, 63-68, 70-75, and 100-103 for lack 
of enablement under 35 U.S.C. § 112, first paragraph, Appellants submit that claims 40, 55, and 
56 are separately patentable. The Examiner has stated that the specification is enabled for a 
screening method for compounds which modulate a LPS mediated response by inducing the 
synthesis or altering expression of TLR-4 of SEQ ID NOS: 2, 4, 6, 98, and 99. Action, p. 6, In. 
18-20. 

Claim 40 is directed to a screening method wherein a reporter gene is operatively 
positioned under the control of a nucleic acid segment comprising a promoter from a TLR-4 
gene. In addition, claim 40 reads on a TLR-4 polypeptide that has the sequence of SEQ ID NOS: 
2, 4, 6, 98, and 99. Appellants, therefore, submit that the enablement of claim 40 must be 
addressed separately. 

Claims 55 and 56 are directed to screening methods wherein a putative modulator affects 
the transcription of TLR-4 and the translation of TLR-4, respectively. Appellants, therefore, 
submit that the enablement of claims 55 and 56 must be addressed separately. 

VIII. ARGUMENT 

A. Substantial Evidence is Required to Uphold the Examiner's Position. 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. § 706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 4 substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 



25350398.1 



4 



Accordingly, it necessarily follows that an Examiner's position on Appeal must be 
supported by "substantial evidence" within the record in order to be upheld by the Board of 
Patent Appeals and Interferences. 

B. The Claims are Definite Under 35 U.S.C. § 112, Second Paragraph. 

Claims 38-40, 52-61, 63-68, 70-75, and 100-103 are rejected under 35 U.S.C. § 112, 
second paragraph, as indefinite. Three grounds are asserted for this rejection: (i) that the term 
TLR-4 is insufficiently defining of the TLR-4 polypeptides of the invention; (ii) that the phrase 
"lipopolysaccharide mediated response" is unclear; and (iii) that the phrase "small molecule 
inhibitor" is indefinite. Appellants respectfully traverse all grounds for rejection. 

1. The Legal Standard under 35 U.S. C. § 112. 

A proper evaluation of the claims under the second paragraph of 35 U.S.C. § 1 12 requires 
that the claims be read in light of the specification as interpreted by one of ordinary skill in the 
art. North Am, Vaccine, Inc. v. American Cyanamid Co., 7 F.3d 1571, 1579, 28 USPQ2d 1333, 
1339 (Fed. Cir. 1993); In re Moore, 439 F.2d 1232, 1235 (C.C.P.A. 1971). Furthermore, the law 
does not require that only immutable or invariant terms be used in claim language. Inventors are 
encouraged to use concise language, as long as it is reasonably definite in view of the 
specification. This is long established law. North Am. Vaccine, Inc., 7 F.3d 1571 at 1579; Miles 
Lab., Inc. v. Shandon, Inc., 997 F.2d 870, 875, 27 USPQ2d 1123, 1126 (Fed. Cir. 1993); Loom 
Co. v. Higgins, 105 U.S. (Otto.) 580, 586 (1881). 

2. Appellants have defined the term TLR-4 in light of the specification and 
the skill of the ordinary artisan. 

a) The claims are clear and definite in light of the specification. 
Appellants have provided a detailed and consistent definition of TLR-4 in the 
specification. Most particularly, TLR-4 as used by the Appellants in describing particular 
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embodiments refers explicitly to polypeptides of the sequences of SEQ ID NO:2, SEQ ID NO:4, 
SEQ ID NO:6, SEQ ID NO:98 or SEQ ID NO:99 and those sequences at least about 85% similar 
thereto or biologically functional equivalents thereof. Specification, p. 30, In. 4-15; p. 73, In. 18 
to p. 76, In. 11; and Example 8, p. 105-122. 

In addition, the specification discloses structural and functional properties of TLR-4. For 
example, Table V on page 119 of the specification illustrates the percent homology among six 
species (human, chimpanzee, baboon, mouse, hamster, and rat) at four functional domains 
(extracellular, transmembrane, proximal cytoplasmic, and distal cytoplasmic) of TLR-4. This 
demonstrates that the family of TLR-4 receptors share high sequence similarities in specific 
domains. The specification also provides abundant support showing that TLR-4 is essential for 
LPS signaling. See Example 7, p. 100-05; Example 9, p. 123-30. Methods by which a TLR-4 
mediated response to LPS can be assayed are also provided by the specification. Example 1, p. 
87-88; Example 2, p. 95-96. 

In view of the properties and structures of TLR-4 polypeptides supplied in the 
specification, Appellants submit that the specification sheds sufficient light upon the present 
claims to render them clear and definite to one of skill in the art under the second paragraph of 
35U.S.C. § 112. 

b) The term TLR-4 is well known to those skilled in the art 
Appellants also point out that the law does not require that the Appellants define in the 
specification every term of art well known to the artisan. Use of a well known term of art in the 
specification without detailed definitions thereof does not render claims utilizing that same 
language indefinite. W.L. Gore & Assoc., Inc. v. Garlock, Inc., 721 F.2d 1540, 1556-58, 220 
USPQ 303, 315-16 (Fed. Cir. 1983). Claims may, therefore, make use of the language 
understood by those of skill in the art without additional, detailed definitions in the written 
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description. Id. Where later developed terms are arguably more definite than the terms available 
near the filing date, later accepted and more precise terms are favored. In re Fisher, All F.2d 
833, 838 (CC.P.A. 1970). The name TLR-4 is in common use among artisans in the field in 
exactly the sense in which the Appellants have defined it. Although the referenced polypeptide 
may have once been named Toll-4, use of the more current and precise term TLR-4 (or TLR4) 
cannot render the claims indefinite. See Id. 

Indeed, the identity of TLR-4 within the family of Toll-like receptors is unambiguous, as 
is known to those of skill in the art. Appellants have provided the Examiner with numerous 
examples of the knowledge and skill in the art with respect to the definition of TLR-4 
polypeptides. These examples include scientific literature displaying the knowledge available to 
one of skill in the art to define and recognize TLR-4 polypeptides. A list of references in the art 
using TLR-4 to refer to the polypeptides as the Appellants have defined them in the specification 
is attached as Exhibit B. 

The Examiner was also provided with the declaration of Dr. David D. Chaplin (Exhibit 
C), which states that the specification as filed provides sufficient structural and functional 
properties by which to identify a protein as TLR-4 or its homolog. 

Appellants point out that these facts should not be lightly dismissed absent any showing 
of a factual or scientific basis to doubt their veracity. Yet the Examiner continues to hold the 
position that "[t]he art nor specification disclose the structural and functional properties which 
must be present for the polypeptide to be classified as a TLR-4 polypeptide." Action, p. 3, In. 
12-13. However, the Examiner has not provided any evidence to refute the abundance of 
evidence submitted by Appellants. Absent a factual or scientific basis to the contrary, which the 
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Examiner has not provided, the term "TLR-4" must be found to be sufficiently defining of the 
TLR-4 polypeptides of the invention. 

c) Conclusion 

Appellants submit, that in view of the above, one of ordinary skill in the art would find 
the language of the claims definite under 35 U.S.C. § 112, second paragraph. Appellants, 
therefore, request that the Board overturn the rejection. 

3. Claims 39, 40, 57-61, 74, and 100 are separately patentable. 

As discussed above, the Action rejects claims 38-40, 52-61, 63-68, 70-75 and 100-103 on 
the grounds that "the name TLR-4 has not been defined in the claims and specification so as to 
allow the metes and bounds of the claims to be determined." The Action at p. 2, In. 10-11. 

Appellants submit that the asserted grounds for rejection, cannot apply to claims 39, 40, 
57-61, 74 and 100. Claims 39, 57-61, 74 and 100 expressly recite the amino acid sequences of 
several homologous TLR-4 polypeptides or the nucleotide sequences encoding those 
polypeptides, and claim 40 is dependent on claim 39. These claims necessarily implicate the 
amino acid structure of TLR-4 polypeptides and therefore cannot be indefinite on the grounds 
asserted by the Action, even if the term "TLR-4" were indefinite, which it is not. Appellants, 
therefore, request that the Board overturn the rejection. 

4. The term "Lipopolysaccharide mediated response 9 ' is clear, definite, and 
well known to those of skill in the art 

Claims 38, 40, 52 and 101-103 are rejected on the grounds that they are indefinite 
because the phrase "lipopolysaccharide mediated response" is allegedly not clear. Appellants 
respectfully traverse. 
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a) Lipopolysaccharide mediated responses have been well known in 
the art for decades. 

The Action asks "where does the lipopolysaccharide pathway begin and end?" The 

Action, p. 3, In. 11-12. Appellants point out that, as is well known in the art, responses to the 

presence of endotoxin (LPS) occur at the subcellular, cellular, tissue and organismal levels. 

Appellants draw attention to the specification beginning at line 19 of page 2 and extending 

through line 5 of page 3 (emphasis added): 

An important case in point concerns Gram-negative bacteria, all of which bear 
endotoxin (lipopolysaccharide, LPS) molecules in their outer membrane, which 
trigger a strong immune response on the part of the host which produces a shock- 
like syndrome, characterized by low blood pressure and hyporeactivity to 
vasoconstricter agents. 

When macrophages are exposed to pure preparations of endotoxin, they secrete 
numerous cytokine mediators, including tumor necrosis factor (TNF, TNFa), 
interleukin-1 (IL-1), interferon-oc/p, GM/CSF, IL-8 and ultimately smaller 
"autocoid" molecules, all of which mediate an intense inflammatory reaction. 
Endotoxin recognition acts as an early warning signal through which a host may 
mount a timely defense against invasion by Gram-negative organisms. However, 
widespread activation of macrophages by endotoxin results in the development of 
septic shock. By most estimates, Gram-negative septic shock is responsible for 
100,000 deaths per year in the United States alone. The entire syndrome of 
hypotension, coagulopathy, pulmonary edema and acute renal failure results, in 
large part, from the release TNF and other cytokines in response to exposure to 
endotoxin. 

It is possible to measure such responses at the organismal level in experimental 
organisms. For example: 

Thirty years ago , mice of the C3H/HeJ strain were noted to be specifically and 
globally unresponsive to endotoxin, while closely related . animals of the 
C3H/HeN or C3H/OuJ substrains exhibited normal responses (Sultzer, 1968). 
The median lethal dose of endotoxin is more than 100-fold higher in C3H/HeJ 
mice than in either of these other strains. Macrophages of C3H/HeJ mice fail to 
produce cytokines in response to endotoxin, and B-lymphocytes of C3H/HeJ mice 
are not driven to proliferate by endotoxin. While C3H/HeJ mice are highly 
resistant to the lethal effect of endotoxin, they are unusually sensitive to infection 
by gram-negative organisms. The mean lethal inoculum with Salmonella 
typhimurium, for example, is two organisms in C3H/HeJ mice, whereas several 
thousand organisms are required to kill mice of the C3H/HeN strain. 
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Specification, p. 4, In. 4-16 (emphasis added). As Appellants have well documented in 

the specification, they have disclosed that the single gene that underlies resistance to exposure to 

endotoxin in the mouse strain C3H/HeJ encodes TLR-4 and that TLR-4 is the LPS receptor. 

TLR-4 is indispensable to the signaling that results in the LPS mediated responses. Thus, 

modulation of native TLR-4 activity in the cellular response to LPS necessarily modulates the 

LPS response. Therefore, through the application of a putative modulator of TLR-4 signaling (as 

provided by the Appellants), one may determine if the particular LPS response has, in fact, been 

modulated in the above example by observing whether the mouse lives or dies. In this particular, 

albeit extreme embodiment, Appellants are at a loss to know how it can be uncertain or unclear 

just exactly what responses may be expected to be manifest after exposure to LPS. 

b) The Action mischaracterizes statements made by Dr. Chaplin in 
asserting grounds for rejection. 

In response to the assertions in the Action (page 5, lines 5 and 6) that Appellants have 
disclosed " some of the 'actors and elements of lipopolysaccharide mediated response,'" 
(emphasis added) Appellants point out that the declaration of Dr. Chaplin has been improperly 
quoted. The proper quote reads "The specification clearly sets forth the actors and elements of 
lipopolysaccharide mediated responses that are mediated by TLR-4." Declaration of Dr. 
Chaplin, paragraph 5 (emphasis added). 

No ambiguity exists in the statement of the declaration. Rather, the ambiguity has been 
introduced by the Examiner, who replaces Dr. Chaplin's "the actors" with the Action's "some 
actors." Since there is no basis provided for so modifying Dr. Chaplin's statement, any rejection 
based upon this misstatement of fact must be in error. 

Furthermore, the Examiner has not provided any factual or scientific basis to refute the 
facts presented in the declaration. Instead, the Examiner merely quoted from the declaration and 
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then dismissed it without providing any basis for finding it not persuasive. Action, p. 4, In. 19 to 

p. 5, In. 7. Appellants point out that the declaration of Dr. Chaplin should not be lightly 

dismissed absent any showing of a factual or scientific basis to doubt its veracity. 

c) The Action mischaracterizes Appellants 1 disclosure in asserting 
grounds for rejection. 

The Action quotes the specification out of context in order to impugn the clarity and 

importance of Appellants' discovery and the claimed invention. The Action cites the last 

paragraph of page 3, but only quotes a single sentence. For convenience and accuracy, 

Appellants herein reproduce the entirety of the cited paragraph (quoted passage in italics): 

Endotoxin is known to trigger both tyrosine and serine phosphorylation 
events within the macrophage cell, and at least in part, ras, raf MEK, and 
members of the MAP kinase family are also involved in signal transduction 
(Geppert et ai, 1994). The endpoints of endotoxin signaling include activation of 
the transcription of TNF and various genes, and activation of the translation of 
TNF mRNA (Beutler et al. 9 1986; Han et ai, 1990). At the protein level, this 
stimulation by endotoxin leads to a several thousand-fold augmentation of 
cytokine biosynthesis by a macrophage cell. But the initial controlling element 
and event in the signaling pathway of macrophage response to endotoxin has not 
been identified. Thus, in spite of its importance, most of the endotoxin signaling 
pathway remains relatively unknown. Recently however, the Toll-like receptor 2 
(TLR2) has been suggested to partially mediate lipopolysaccharide-induced 
cellular signaling (Gerard, 1998; Yang et ai, 1998). 

In the context of the full paragraph it is clear that the quoted statement refers to the 
impediment to research imposed by the lack of identification of the "initial controlling element" 
in the pathway of macrophage response to endotoxin (LPS). Indeed, this paragraph occurs in the 
description of related art and describes the state of the art prior to the disclosure by the 
Appellants of the hps gene, i.e. TLR-4. Moreover, it is the signaling pathway, at which TLR-4 is 
at the core, that was unknown, not LPS mediated responses, which have been known to those in 
the art for decades (see above). And further, Appellants' specification discloses the key actor at 
the core of LPS mediated responses, TLR-4. 
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d) Mischaracterizations by the Examiner do not render the claims 
indefinite. 

The mischaracterization of the state of the art and the statements made by Dr. Chaplin 
cited above cannot rise to the task of demonstrating that the present claims are indefinite for 
reciting a "lipopolysaccharide mediated response." Indeed, given the mature state of the art 
relevant to lipopolysaccharide mediated responses, the ordinary artisan would immediately 
understand the nature and scope of the claimed methods. 

e) The Term "Lipopolysaccharide mediated response" has an 
established meaning in the art 

Appellants emphatically reiterate that the law does not require that the Appellants define 
in the specification every term of art well known to the artisan. Use of a well known term of art 
in the specification without detailed definitions thereof does not render claims utilizing that same 
language indefinite. WZ. Gore & Assoc., Inc. 721 F.2d at 1556-58. If necessary, a standard 
reference work may inform the reading of the specification, and if so, that in itself does not 
render claims utilizing that language indefinite. Atmel Corp. v. Information Storage Devices, 
Inc., 198 F.3d 1374, 1382 (Fed. Cir. 1999) ("even a dictionary or other documentary source may 
be resorted to..."). 

Indeed, the content of such a standard reference work is intrinsic evidence of the meaning 

of claim terms. The Court of Appeals for the Federal Circuit has said: 

Dictionaries, encyclopedias and treatises, publicly available at the time the patent 
is issued, are objective resources that serve as reliable sources of information on 
the established meanings that would have been attributed to the terms of the 
claims by those of skill in the art. Such references are unbiased reflections of 
common understanding not influenced by expert testimony or events subsequent 
to the fixing of the intrinsic record by the grant of the patent, not colored by the 
motives of the parties, and not inspired by litigation. Indeed, these materials may 
be the most meaningful sources of information to aid judges in better 
understanding both the technology and the terminology used by those skilled in 
the art to describe the technology. 
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Texas Digital Sys., Inc. v. Telegenix Inc., 308 F.3d 1193, 1202-3 (Fed. Cir. 2002). 

Appellants have previously supplied the Examiner with passages from Medical 
Microbiology 130-33 (S. Baron ed.) (4th ed. 1996) (Exhibit D). This work is an example of a 
standard reference or treatise that verifies that a lipopolysaccharide mediated response is well 
understood by those of skill in the art. The passages are a summary of the extensive literature in 
the field of endotoxin biology as it existed in 1996, and they demonstrate that one of skill in the 
art would know the metes and bounds of a LPS mediated response. As indicated in the 
Appellants' specification at page 2, line 20, and as is well known and readily apparent to one of 
skill in the art, lipopolysaccharide is a term synonymous with endotoxin. See MEDICAL 
Microbiology at 130, col. 2, par. 4. 

Further, and as is well known and readily apparent to one of skill in the art, "The biologic 
effects of endotoxin [LPS] have been extensively studied." Medical Microbiology at 131, 
col. 1, under heading "Biologic Activity of Endotoxin." Thus, LPS-mediated responses at least 
include (as of 1996) those activities listed in Table 7-4, page 132 of Medical Microbiology. 
Indeed, the central importance of LPS in the mediation of cellular responses to a variety of 
conditions is clear and well known to the ordinary artisan. 

At the time of this summary (1996), the specific mechanism of cellular response was not 
clear. See Medical Microbiology at 132, col. 1-2. What was clear was that the host cell 
exposure to endotoxin was key to the "myriad sequelae" that exposure to endotoxin produces. 
"It does seem clear that the host cellular response to endotoxin, rather than a direct toxic effect of 
endotoxin, plays the major role in causing tissue damage." Medical Microbiology at 132, col. 
2. Indeed, it is the Appellants' discovery that TLR-4 polypeptide plays the key role as a cell's 
LPS receptor and is, therefore, the key in the pathway leading to the various responses to certain 

25350398.1 

13 



types of infection. "[T]he demonstration that Lps is identical to TLR-4 leaves no room for doubt 
that TLR-4 is essential for LPS signaling." Specification, p. 104, In. 14-15. This discovery, 
therefore, identifies the pathway, i.e. through TLR-4, by which these responses are mounted. 
J) The term "small molecule " is definite. 
The Action rejects claims 101-103 as indefinite under 35 U.S.C. § 112, second paragraph, 
on the grounds that the term "small molecule inhibitor" is unclear. Appellants traverse this 
rejection. The term "small molecule inhibitor" has a well established meaning in the art. The 
law does not require that the Appellants define in the specification every term of art well known 
to the artisan. Use of a well known term of art in the specification without detailed definitions 
thereof does not render claims utilizing that same language indefinite. W.L. Gore & Assoc., Inc. 
721 F.2d at 1556-58. 

A skilled researcher would understand that, in the context of the instant specification and 
claims, the term "small molecule inhibitor" describes low molecular weight, non-peptide 
inhibitors. In support of Appellants' argument, Appellants provide the second Declaration of Dr. 
David D. Chaplin (Exhibit E), a skilled artisan in the field of endotoxins and cellular biology. 
Dr. Chaplin states that the term "small molecule inhibitor" describes low molecular weight, non- 
peptide inhibitors, and that this definition is accepted in the art. The second Declaration of Dr. 
Chaplin also provides the results of a search in PubMed, a database of relevant scientific 
literature, that revealed 61 references in which the words "small molecule" and "inhibitor" 
appeared in the title alone. This evidences that skilled researchers understand the meaning of the 
term "small molecule inhibitor." 

Appellants, therefore, submit that the term "small molecule inhibitor" is definite as it is 
used in the specification and claims. Appellants respectfully request that the Board overturn the 
rejection. 
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5. Summary 

Appellants submit that the claims are definite under the second paragraph of 
35 U.S. C. § 1 12 when properly viewed in light of the ordinary skill of one in the relevant art and 
the detailed descriptions available to the artisan in the Appellants' specification. Appellants, 
therefore, respectfully request that the Board overturn the rejections. 

C. The Claims are Enabled Under 35 U.S.C. § 112, first paragraph. 

The Action rejects claims 38-40, 52-61, 63-68, 70-75 and 100-103 under the first 
paragraph of 35 U.S.C. § 112. The Examiner has stated that the specification is enabled for a 
screening method for compounds which modulate a LPS mediated response by inducing the 
synthesis or altering expression of TLR-4 of SEQ ID NOS: 2, 4, 6, 98, and 99. Action, p. 6, In. 
18-20. However, the Examiner argues that other methods of screening for modulators of LPS- 
mediated responses through their interaction with TLR-4 are not enabled. Appellants 
respectfully submit that all of the claimed methods are enabled. 

1. The Legal Standard of Enablement 

To be enabling within the meaning of 35 U.S.C. § 112, the application must contain a 
description sufficient to enable one skilled in the art to make and use the claimed invention 
without unduly extensive experimentation. Atlas Powder Co. v. E.L du Pont De Nemours & Co., 
750 F.2d 1569, 1576, 224 USPQ 409, 413 (Fed. Cir. 1984). Furthermore, it is well settled that 
the Examiner has the initial burden of producing reasons that substantiate a rejection based on 
lack of enablement. See In re Marzocchi, 439 F.2d 220, 224, 169 USPQ 367, 370 (C.C.P.A. 
1971); In re Wright, 999 F.2d 1557, 1561, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993). The 
Examiner's burden requires that the Examiner supply a factual basis or scientific principle to 
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reasonably doubt the accuracy of a clear disclosure In re Marzocchi, 439 F.2d 220, 224, 169 
USPQ 367, 370 (C.C.P.A. 1971). 

2. The Action supplies no factual or scientific principle to reasonably 
doubt Appellants 9 disclosure. 

Appellants contend that the Examiner has not carried the burden of establishing a prima 
facie case of lack of enablement. To the contrary, the Examiner has demanded unnecessary 
claim limitations and posited a number of factually unsupportable allegations regarding the 
nature and function of the claimed methods and TLR-4 in particular. 

3. The Action misconstrues the invention in asserting lack of enablement 
The Action demands that the method disclose "how the modulator targets a TLR-4 

polypeptide and if the response being measured is in fact a lipopolysaccharide mediated 
response, since there is [sic] no controls to compare the results to." The Action at p. 7, In. 14-16. 

Appellants point out that the pending claims are directed to methods of screening for 
modulators of a lipopolysaccharide mediated response that compare the response before and after 
contact of TLR-4 with a putative modulator or candidate substance. As such, the method does 
not require that the exact mode of action of any successful modulator so identified be determined 
prior to the screening procedure, as the Action demands. Indeed, if the artisan knew the identity 
of the modulator and its mode of action, there would be no need to practice the present invention. 
The present invention is directed to methods of identifying such modulators, whose identity 
would, of course, be unknown absent the present invention. 

Furthermore, as presented above, the nature and scope of a lipopolysaccharide-mediated 
response is clear to the artisan. The assertions that there "is no controls [sic]" ignores the 
limitations of the claims. The claims specify the comparison between the measured LPS 
response prior to the contact with TLR-4 by the modulator with the measured LPS response 
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after contact with TLR-4 by the putative modulator, wherein a difference in the 

lipopolysaccharide mediated responses indicates that the putative modulator is a modulator of a 

lipopolysaccharide mediated response. See claim 38. 

In addition, the Examiner's assertion that "cell death may be mediated by many different 

signaling pathways, it is not necessarily a lipopolysaccharide mediated response" is illogical in 

the context of the claimed invention. Action, p. 7, In. 19-20. The response being measured is the 

result of a cell's exposure to lipopolysaccharide. This necessarily means that the response is 

lipopolysaccharide mediated. The Examiner has provided no factual basis to support the 

assertion that a cell's response to the presence of lipopolysaccharide would be mediated by a 

signaling pathway other than the lipopolysaccharide signaling pathway. 

4. Unsupported, or unsupportable allegations do not rise to the level of 
factual evidence or scientific principle. 

Additionally, the allegation that the LPS-mediated response mediated by TLR-4 could be 
due to some other pathway (the Action at p. 7, In. 18) simply ignores the nature of Appellants' 
discoveries and the extensive disclosure provided regarding the central, indispensable role of 
TLR-4 polypeptides in LPS-mediated responses. The Action cites no reference, nor supplies any 
Examiner's affidavit. Indeed, the Action supplies no factual basis at all for doubting the veracity 
of Appellants' discovery and disclosure. In fact, the general acceptance and importance of 
Appellants' discovery to those in the art is reflected in the extensive literature already made of 
record in the present application, and which refers to and builds upon Appellants' work. The 
central role of TLR-4 in the signaling pathway is now widely accepted by the field. Appellants 
have made of record publications acknowledging Appellants' discovery and the role of TLR-4 in 
LPS responses. For example, see Bochkov et aL, Protective Role of Phospholipid Oxidation 
Products in Endotoxin-Induced Tissue Damage, NATURE 419:77-81 (2002) (Exhibit F). 
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5. Appellants supply abundant factual evidence of enablement 
Appellants point to the specification at page 2, line 15 through page 4, line 25, and page 
22 lines 3-8 for a succinct description of the events and circumstances that comprise the 
induction of a response to LPS and the resultant effects that may be measured as indicative of an 
LPS-mediated response. Further, exemplary parameters and methods for measuring and 
determining the LPS-mediated responses are found in several locations in the specification. 
Specifically, splenocyte proliferation assays are described in Example 1, p. 87, In. 8-24, and in 
Example 2, p. 95, In. 25 to p. 96, In. 17. Assays for TNF production in peritoneal macrophages 
are described in Example 1, p. 87, In. 26 to p. 88, In. 15, and in Example 2, p. 95, In. 25 to p. 96, 
In. 17. Assays for TNF production in murine macrophages expressing normal TLR-4 and various 
mutant forms of TLR-4 are described in Example 9, p. 123-29. 

All of these responses may be utilized in the practice of the presently claimed methods by 
those of skill in the art, and the choice of which to use is a matter of preference and 
circumstance. Furthermore, all of these responses are well recognized by those of skill in the art 
as a "lipopolysaccharide mediated response" as evidenced by the numerous factual materials, 
including the declaration of Dr. Chaplin, made of record in this application. 

As mentioned above, the specification provides specific examples of how to measure the 
LPS-mediated response mediated by TLR-4. In the section of the Specification titled "Assays 
for LPS responsiveness" two common examples of LPS-mediated response assays are described: 
a splenocyte proliferation assay and a macrophage response assay. See Example 1, p. 87-88. 
The splenocyte response assay compares the proliferation of splenocytes incorporating tritiated 
thymidine (as measured by counts per minute, CPM) with and without stimulation with LPS. 
The macrophage response assay measures the percent of cytotoxicity due to TNF released by 
cells in response to LPS. 
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These are exemplary parameters and methods for measuring the LPS response. Further, 
and in direct contradiction to the assertions made by the Examiner, claims 63 and 64 expressly 
recite TNF secretion as one LPS inducible response that may be measured. Therefore, the 
specification and the claims as filed provide concrete examples, methods, and standards for 
measuring responses induced by LPS and mediated through TLR-4. See paragraph 15 of the 
declaration of Dr. Chaplin, which provides verification of this fact by one of skill in the art. 

Appellants have repeatedly called the Examiner's attention to these passages in the 
specification, which describe and demonstrate specific LPS-mediated responses that may be 
measured in the implementation of the present invention and are well known to the artisan. Yet 
the Examiner has failed to present any fact or scientific theory to refute this evidence. In the 
absence of any factual basis or scientific principle sufficient to doubt the substantial body of 
factual and scientific evidence demonstrating that the ordinary artisan may make and use the 
claimed invention without undue experimentation, Appellants submit that the present claims are 
enabled under 35 U.S.C. §112. 

6. The Action misconstrues the invention and Appellants 9 arguments. 

The Action maintains that there is but a single embodiment of the present invention that 
is enabled: a screening method for compounds that modulate a LPS-mediated response by 
inducing the synthesis or altering the expression of TLR-4 of SEQ ID NOS: 2, 4, 6, 98, or 99. 
Action at p. 6, In. 18-20. Although altered expression of TLR-4 of SEQ ID NOS: 2, 4, 6, 98, or 
99 (or a reporter gene, see claim 40) may be one mode of LPS response that is measured, it is not 
the sole means of measuring TLR-4 mediated LPS responses disclosed by the specification. As 
described above, the specification also discloses two other examples of LPS-mediated response 
assays: a splenocyte proliferation assay and a macrophage response assay. 
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With regard to this issue, Appellants note that the Examiner continues to misconstrue 
Appellants' arguments submitted in previous responses. In particular, the Action states 
"Applicant argues LPS response disclosed by the specification is by far not the sole means of 
modulating the TLR-4 response." The Action at page 7, lines 10-12. This statement confuses 
the LPS-mediated response and the role of putative or identified modulators of TLR-4's role in 
the response. The statement appears to equate LPS responses with modulators of TLR-4. As is 
readily apparent to those of skill in the art, however, this assertion is simply incorrect in view of 
the specification and the relevant literature. 

The specification and the arguments presented by Appellants in previous responses make 
clear that TLR-4 is essential in the signaling pathway that results in, for example, an increase in 
TNF production as a result of lipopolysaccharide exposure to cell surface receptors and other 
well known LPS responses, including death. The LPS response is, therefore, largely 
"downstream" of the action of TLR-4 polypeptides at the cell surface. Modulation of LPS 
response through the modulation of TLR-4 activity, not merely its expression, is described and 
enabled by the specification as understood by those of skill in the art. 

The Action nevertheless demands that "[f]or the person of ordinary skill in the art to 
screen for modulators of LPS mediated response by any other means that those disclosed as 
'enabling' above [referring to assaying TLR-4 synthesis or expression], the artisan must first 
isolate other proteins capable of direct or indirect interaction with LPS and its modulators, and 
develop screening assays to determine if certain compounds can be modulators of the LPS 
mediated response." The Action at p. 8, In. 13-17. 

Appellants are simply at a loss to understand where the requirement for isolation of 
"other proteins capable of direct or indirect interaction with LPS and its modulators" is to be 
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found in the art or the disclosure of the specification. If the Action intends to refer to previous 
arguments of the Appellants, which noted that the sensitivity of the LPS-mediated response may 
be directly effected by the endogenous levels of TLR-4 expression, but that the LPS response 
itself may also be modulated by the nature of the physical interactions of TLR-4 with the other 
components of the pathway, Appellants respectfully point out that the mention of known 
modulators of TLR-4 sensitivity was provided to illustrate that the action of TLR-4 in initiating 
LPS-mediated responses was not dependent upon the up-regulation or down-regulation of its 
expression. 

Modulation of LPS response may occur through the modulation of TLR-4 activity, not 
merely TLR-4 expression levels. This core concept demonstrates the enablement of the present 
invention, which provides that further, additional modulators may be identified using the claimed 
methods of screening. With regards to any need to "develop screening assays to determine if 
certain compounds can be modulators of the LPS mediated response" Appellants respectfully 
note that this is exactly the problem solved by the presently claimed methods. Again, there is no 
need to a priori identify modulators in order to practice a method that acts to identify such 
modulators. 

7. Claims 40, 55, and 56 are separately patentable. 
With respect to the rejection of claims 38-40, 52-61, 63-68, 70-75, and 100-103 for lack 
of enablement under 35 U.S.C. § 112, first paragraph, Appellants submit that claims 40, 55, and 
56 are separately patentable. The Examiner has stated that the specification is enabled for a 
screening method for compounds which modulate a LPS mediated response by inducing the 
synthesis or altering expression of TLR-4 of SEQ ID NOS: 2, 4, 6, 98, and 99. Action, p. 6, In. 
18-20. 
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Claim 40 is directed to a screening method wherein a reporter gene is operatively 
positioned under the control of a nucleic acid segment comprising a promoter from a TLR-4 
gene. In addition, claim 40 reads on a TLR-4 polypeptide that has the sequence of SEQ ID NOS: 
2, 4, 6, 98, and 99. Appellants, therefore, submit that the enablement of claim 40 must be 
addressed separately. 

Claims 55 and 56 are directed to screening methods wherein a putative modulator affects 
the transcription of TLR-4 and the translation of TLR-4, respectively. Appellants, therefore, 
submit that the enablement of claims 55 and 56 must be addressed separately. 
8. Summary 

The Action provides no factual basis or scientific principle upon which any doubt may be 
cast on the specification and the knowledge of those of skill in the art. The Action's unsupported 
allegations do not address the objective enablement provided by the specification and cannot 
carry the heavy burden placed upon the Examiner. Therefore, Appellants respectfully submit 
that the Examiner has not carried the burden of establishing a prima facie case of lack of 
enablement. See In re Marzocchi, 439 F.2d 220, 224, 169 USPQ 367, 370 (C.C.P.A. 1971); In 
re Wright, 999 F.2d 1557, 1561, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993). In view of the 
disclosure provided in the specification and the arguments provided above, Appellants request 
that the Board overturn the rejection. 

D. Conclusion 

It is respectfully submitted, in light of the above, that all claims are definite and enabled. 
Appellants, therefore, request that the Board overturn each of the pending grounds for rejection. 
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^^ AD g>^PENDIX 1 - PENDING CLAIMS WITH AMENDMENT TO CLAIM 67 

38. A method of screening for modulators of a lipopolysaccharide mediated response 
comprising the steps of: 

a) obtaining a cell expressing a TLR-4 polypeptide; 

b) measuring a lipopolysaccharide mediated response mediated by the TLR-4 

polypeptide; 

c) contacting the TLR-4 polypeptide with a putative modulator; 

d) assaying for a change in the lipopolysaccharide mediated response; and 

e) comparing the lipopolysaccharide mediated responses mediated by the TLR-4 

polypeptide obtained in steps b) and d) above 
wherein a difference in the lipopolysaccharide mediated responses indicates that the putative 
modulator is a modulator of a lipopolysaccharide mediated response. 

39. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:98 or SEQ ID NO:99. 

40. The method of claim 39, wherein the lipopolysaccharide mediated response mediated by 
the TLR-4 polypeptide is determined by determining the ability of the TLR-4 polypeptide to 
stimulate transcription of a reporter gene, the reporter gene operatively positioned under control 
of a nucleic acid segment comprising a promoter from a TLR-4 gene. 

52. The method of claim 38, wherein said putative modulator is effective in altering the 
mediation of the lipopolysaccharide mediated response by TLR-4. 

53. The method of claim 52, wherein said putative modulator is an agonist. 
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54. The method of claim 52, wherein said putative modulator is an antagonist. 



55. The method of claim 52, wherein said putative modulator affects the transcription of 
TLR-4. 

56. The method of claim 52, wherein said putative modulator affects the translation of 
TLR-4. 

57. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:2. 

58. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:4. 

59. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:6. 

60. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:98. 

61. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:99. 

63. The method of claim 38, wherein said putative modulator inhibits TLR-4 directed 
signaling of TNF secretion. 

64. The method of claim 38, wherein said putative modulator stimulates TLR-4 directed 
signaling of TNF secretion. 
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65. The method of claim 38, wherein said putative modulator to be screened is obtained from 
a library of synthetic chemicals. 

66. The method of claim 38, wherein said putative modulator to be screened is obtained from 
a natural source. 

67. The method of claim 66, wherein said natural source is selected from the group 
consisting of animals, bacteria, fimgi, plant sources and living marine samples. 

68. The method of claim 38, wherein said putative modulator to be screened is a protein or 
peptide. 

70. The method of claim 38, wherein said putative modulator to be screened is a nucleic acid 
molecule. 

71. The method of claim 38, wherein said putative modulator to be screened is a stimulator of 
an immune response. 

72. The method of claim 71, wherein said stimulator of an immune response is a cytokine. 

73. The method of claim 71, wherein said stimulator of an immune response is an interferon. 

74. The method of claim 38, wherein said TLR-4 polypeptide is encoded by a nucleic acid 
sequence selected from the group comprising SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ 
ID NO:46, SEQ ID NO:47 and SEQ ID NO:48. 

75. The method of claim 38, wherein said putative modulator to be screened is an IL-1 
receptor antagonist. 
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100. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence 
selected from the group comprising SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID 
NO:98 and SEQ ID NO:99. 

101. The method of claim 38, wherein said putative modulator to be screened is a small 
molecule. 

102. The method of claim 101, wherein said small molecule inhibits TLR-4 mediation of the 
lipopolysaccharide mediated response. 

103. The method of claim 101, wherein said small molecule inhibits the lipopolysaccharide 
mediated response. 
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DIX 2 - PENDING CLAIMS WITHOUT AMENDMENT TO CLAIM 67 



38. A method of screening for modulators of a lipopolysaccharide mediated response 
comprising the steps of: 

a) obtaining a cell expressing a TLR-4 polypeptide; 

b) measuring a lipopolysaccharide mediated response mediated by the TLR-4 

polypeptide; 

c) contacting the TLR-4 polypeptide with a putative modulator; 

d) assaying for a change in the lipopolysaccharide mediated response; and 

e) comparing the lipopolysaccharide mediated responses mediated by the TLR-4 

polypeptide obtained in steps b) and d) above 
wherein a difference in the lipopolysaccharide mediated responses indicates that the putative 
modulator is a modulator of a lipopolysaccharide mediated response. 



39. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:98 or SEQ ID NO:99. 

40. The method of claim 39, wherein the lipopolysaccharide mediated response mediated by 
the TLR-4 polypeptide is determined by determining the ability of the TLR-4 polypeptide to 
stimulate transcription of a reporter gene, the reporter gene operatively positioned under control 
of a nucleic acid segment comprising a promoter from a TLR-4 gene. 

52. The method of claim 38, wherein said putative modulator is effective in altering the 
mediation of the lipopolysaccharide mediated response by TLR-4. 

53. The method of claim 52, wherein said putative modulator is an agonist. 
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54. The method of claim 52, wherein said putative modulator is an antagonist. 



55. The method of claim 52, wherein said putative modulator affects the transcription of 
TLR-4. 

56. The method of claim 52, wherein said putative modulator affects the translation of 
TLR-4. 

57. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:2. 

58. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ E) NO:4. 

59. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQIDNO:6. 

60. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:98. 

61. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence of 
SEQ ID NO:99. 

63. The method of claim 38, wherein said putative modulator inhibits TLR-4 directed 
signaling of TNF secretion. 

64. The method of claim 38, wherein said putative modulator stimulates TLR-4 directed 
signaling of TNF secretion. 
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65. The method of claim 38, wherein said putative modulator to be screened is obtained from 
a library of synthetic chemicals. 

66. The method of claim 38, wherein said putative modulator to be screened is obtained from 
a natural source. 

67. The method of claim 65, wherein said natural source is selected from the group 
consisting of animals, bacteria, fungi, plant sources and living marine samples. 

68. The method of claim 38, wherein said putative modulator to be screened is a protein or 
peptide. 

70. The method of claim 38, wherein said putative modulator to be screened is a nucleic acid 
molecule. 

71 . The method of claim 38, wherein said putative modulator to be screened is a stimulator of 
an immune response. 

72. The method of claim 7 1 , wherein said stimulator of an immune response is a cytokine. 

73 . The method of claim 7 1 , wherein said stimulator of an immune response is an interferon. 

74. The method of claim 38, wherein said TLR-4 polypeptide is encoded by a nucleic acid 
sequence selected from the group comprising SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ 
ID NO:46, SEQ ID NO:47 and SEQ ID NO:48. 

75. The method of claim 38, wherein said putative modulator to be screened is an IL-1 
receptor antagonist. 
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100. The method of claim 38, wherein the TLR-4 polypeptide has the amino acid sequence 
selected from the group comprising SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID 
NO:98 and SEQ ID NO:99. 

101 . The method of claim 38, wherein said putative modulator to be screened is a small 
molecule. 

102. The method of claim 101, wherein said small molecule inhibits TLR-4 mediation of the 
lipopolysaccharide mediated response. 

103. The method of claim 101, wherein said small molecule inhibits the lipopolysaccharide 
mediated response. 
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AMENDMENT 

Listing of Claims: 

The following listing of claims replaces all previous listings or versions thereof: 
1-37. (Canceled) 

38. (Previously Presented) A method of screening for modulators of a lipopolysaccharide 
mediated response comprising the steps of: 

a) obtaining a cell expressing a TLR-4 polypeptide; 

b) measuring a lipopolysaccharide mediated response mediated by the TLR-4 

polypeptide; 

c) contacting the TLR-4 polypeptide with a putative modulator; 

d) . assaying for a change in the lipopolysaccharide mediated response; and 

e) comparing the lipopolysaccharide mediated responses mediated by the TLR-4 

polypeptide obtained in steps b) and d) above 
wherein a difference in the lipopolysaccharide mediated responses indicates that the putative 
modulator is a modulator of a lipopolysaccharide mediated response. 

39. (Original) The method of claim 38, wherein the TLR-4 polypeptide has the amino acid 
sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:98 or SEQ ID NO:99. 

40. (Previously Presented) The method of claim 39, wherein the lipopolysaccharide 
mediated response mediated by the TLR-4 polypeptide is determined by determining the ability 
of the TLR-4 polypeptide to stimulate transcription of a reporter gene, the reporter gene 
operatively positioned under control of a nucleic acid segment comprising a promoter from a 
TLR-4 gene. 
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41-51. (Canceled) 



52. (Previously Presented) The method of claim 38, wherein said putative modulator is 
effective in altering the mediation of the lipopolysaccharide mediated response by TLR-4. 

53. (Previously Presented) The method of claim 52, wherein said putative modulator is an 
agonist. 

54. (Previously Presented) The method of claim 52, wherein said putative modulator is an 
antagonist. 

55. (Previously Presented) The method of claim 52, wherein said putative modulator affects 
the transcription of TLR-4. 

56. (Previously Presented) The method of claim 52, wherein said putative modulator affects 
the translation of TLR-4. 

57. (Previously Presented) The method of claim 38, wherein the TLR-4 polypeptide has the 
amino acid sequence of SEQ ID NO:2. 

58. (Previously Presented) The method of claim 38, wherein the TLR-4 polypeptide has the 
amino acid sequence of SEQ ID NO:4. 

59. (Previously Presented) The method of claim 38, wherein the TLR-4 polypeptide has the 
amino acid sequence of SEQ ID NO:6. 

60. (Previously Presented) The method of claim 38, wherein the TLR-4 polypeptide has the 
amino acid sequence of SEQ ID NO:98. 

61. (Previously Presented) The method of claim 38, wherein the TLR-4 polypeptide has the 
amino acid sequence of SEQ ID NO:99. 
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62. (Canceled) 



63. (Previously Presented) The method of claim 38, wherein said putative modulator inhibits 
TLR-4 directed signaling of TNF secretion. 

64. (Previously Presented) The method of claim 38, wherein said putative modulator 
stimulates TLR-4 directed signaling of TNF secretion. 

65. (Previously Presented) The method of claim 38, wherein said putative modulator to be 
screened is obtained from a library of synthetic chemicals. 

66. (Previously Presented) The method of claim 38, wherein said putative modulator to be 
screened is obtained from a natural source. 

67. (Currently Amended) The method of claim 6S66, wherein said natural source is selected 
from the group consisting of animals, bacteria, fungi, plant sources and living marine samples. 

68. (Previously Presented) The method of claim 38, wherein said putative modulator to be 
screened is a protein or peptide. 

69. (Canceled) 

70. (Previously Presented) The method of claim 38, wherein said putative modulator to be 
screened is a nucleic acid molecule. 

7L (Previously Presented) The method of claim 38, wherein said putative modulator to be 
screened is a stimulator of an immune response. 

72. (Previously Presented) The method of claim 71, wherein said stimulator of an immune 
response is a cytokine. 
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73. (Previously Presented) The method of claim 71, wherein said stimulator of an immune 
response is an interferon. 

74. (Previously Presented) The method of claim 38, wherein said TLR-4 polypeptide is 
encoded by a nucleic acid sequence selected from the group comprising SEQ ID NO:l, SEQ ID 
NO:3, SEQ ID NO:5, SEQ ID NO:46, SEQ ID NO:47 and SEQ ID NO:48. 

75. (Previously Presented) The method of claim 38, wherein said putative modulator to be 
screened is an IL-1 receptor antagonist. 

76-99. (Canceled) 

100. (Previously Presented) The method of claim 38, wherein the TLR-4 polypeptide has the 
amino acid sequence selected from the group comprising SEQ ID NO:2, SEQ ID NO:4, SEQ ID 
NO:6, SEQ ID NO:98 and SEQ ID NO:99. 

101. (Previously Presented) The method of claim 38, wherein said putative modulator to be 
screened is a small molecule. 

102. (Previously Presented) The method of claim 101, wherein said small molecule inhibits 
TLR-4 mediation of the lipopolysaccharide mediated response. 

103. (Previously Presented) The method of claim 101, wherein said small molecule inhibits 
the lipopolysaccharide mediated response. 
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REMARKS 



Claims 38-40, 52-61, 63-68, 70-75, and 100-103 were pending at the time of this 
amendment. Claim 67 has been amended to correct an incorrect dependency. Therefore, claims 
38-40, 52-61, 63-68, 70-75, and 100-103 are pending. 

Applicants respectfully submit that this amendment places to claims in even better 
condition for allowance or appeal by resolving a minor typographical error. Therefore, entry of 
this amendment is respectuflly requested. 

Should the examiner have any questions or comments regarding this amendment, a 
telephone call to the undersigned Applicants' representative is respectfully requested. 



600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
512.536.3035 (voice) 
512.536.4598 (fax) 

Date: October 23, 2003 




Respectfully submitted, 



FULBRIGHT & JAWORSKI L.L.P. 



Mark B. Wilson 
Reg. No. 37,259 
Attorney for Appellants 
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1. I am a U.S. citizen residing at 406 Wildwood Lane, Indian Springs, Alabama 34124. I 
am the Charles H. McCauley Professor and Chairman of the Department of Microbiology at the 
University of Alabama at Birmingham. I have extensive experience in the study of cellular 
responses to endotoxins. References containing examples of my work are included in my 
Curriculum Vitae. A copy of my Curriculum Vitae is attached as Exhibit 1 . 

2. I understand that the present invention relates to methods for screening for modulators of 
TLR-4 mediated responses to lipopolysaccharide (LPS) mediated responses. The methods 
involve the use of a TLR-4 polypeptide and the measurement of LPS mediated responses, 
themselves mediated by TLR-4, in the presence and absence of a putative modulatory compound. 
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3. I understand that the patent examiner in charge of assessing the patentability of the above- 
referenced application has rejected the claims of that application on a variety of grounds. I have 
reviewed the Office Action dated April 23, 2002, the specification of the application and the 
pending claims. In light of these documents, and my knowledge of the field of endotoxins and 
cellular biology, I make the following statements. 

4. I understand that the examiner has asserted that skilled cellular biologists would not 
clearly understand the scope of the claims since they recite measurement of a "lipopolysaccharide 
mediated response." The examiner has asserted that a "lipopolysaccharide mediated response" is 
not clearly defined in the specification or in the knowledge of the field of endotoxin biology. I do 
not find this to be the case. 

5. The specification clearly sets forth the actors and elements of lipopolysaccahride mediated 
responses that are mediated by TLR-4. For example, see pages 87-88, which refer to TNF 
production and splenocyte proliferation assays, commonly employed assays for LPS response. 

6. Furthermore, a skilled researcher in endotoxin biology, relying upon the generally available 
knowledge in the field, would understand that in the context of the application the 
"lipopolysaccharide pathway" is the cellular response mounted by the action of lipopolysaccharide 
endotoxins mediated by TLR-4. As disclosed in the specification and as known to the researcher 
in the field, one may measure such responses through a variety of means, each identifying and 
measuring responses at a particular point in the signaling pathway. 

7. The examiner has rejected several claims because the examiner believes that the name 
"TLR-4" is not definitive of particular proteins. The examiner states that insufficient structural 
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and functional properties have been presented in the specification to allow the proper 
identification of a TLR-4 protein. I do not find this to be the case. 

8. Contrary to the examiner's position, my reading of the application provides me with at 
least sufficient structural and functional properties by which to identify a protein as TLR-4 or its 
homolog. The particular name associated with TLR-4 and its homologs is not determinative of 
their identity. Rather, its is their structure, primarily the similarity of the amino acid sequences 
among members of the TLR-4 family, and their function, primarily their role in mediating 
responses to endotoxins, that identifies TLR-4 polypeptides. 

9. First, the family of TLR-4 receptors share high sequence similarities in specific domains, 
identifiable by their shared sequence motifs, as provided by the application. See, for example, 
pages 110-122. 

10. Second, the domains of TLR-4 have specific functions, as described in the application. 
Primarily, TLR-4 polypeptides act to signal the presence of LPS. TLR-4 is an essential 
component of the signaling process and its ability to so signal is one of its defining functions. 

11. Lastly, researchers in the field of LPS signaling are well aware of the remaining members 
of the toll-like receptor family, generally, and are able to identify TLR-4 and its homologs using 
the structural and functional features shared by all TLR-4 polypeptides. 

12. The examiner has rejected the claims on the grounds that practice of the invention as 
claimed would require undue experimentation. Particularly, the examiner asserts that the 
specification does not provide for methods of measuring LPS mediated responses other than 
through measuring altered expression of TLR-4 and therefore does not provide methods for 
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identification of compounds that may modulate LPS responses by any other mechanism than 
altering TLR-4 expression. I do not find this to be the case. 

13. Contrary to the examiner's position, it is well within the skill of one in the field of 
endotoxin and cellular biology to screen for compounds that modulate the LPS responses through 
their action upon TLR-4 beyond up or down regulation of TLR-4 expression. The screening of 
candidate compounds for their effects upon protein action and interaction is routine in the field. 
In view of the contents of the application, such screening is not limited to those compounds that 
may alter TLR-4 expression. Indeed, the general expectation of researchers performing such 
screens is that they will produce small compounds that specifically alter the binding specificity, 
signaling capacity, or other functional property of the target protein, in this case, TLR-4. 

14. The specification clearly sets forth assays of TLR-4 activity in the LPS response pathway 
that can be used by one of ordinary skill in the art to determine, without undue experimentation, 
whether or not such candidate compounds modulate the action of TLR-4 independently of any 
action upon TLR-4 expression. For example, such assays are described in the specification at 
pages 87-88. Furthermore, these and further assays are available through the general knowledge 
of one of skill in the field of endotoxin biology. 

15. I expect, based upon my skill and training in the areas of endotoxin and cellular biology 
that an ordinary researcher in these areas would be able to routinely practice the claimed invention 
following the guidance provided in the application and using the knowledge generally available in 
endotoxin biology. 
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16. I declare that all statements made of my knowledge are true and all statements made on 
the information are believed to be true; and, further that these statements were made with 
knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment or both, under § 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereupon. 
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62. Chaplin, D.D., and Brownstein, B.H. (1992): Strategies for screening YAC (yeast artificial 
chromosome) libraries and for analysis of YAC clones. In Current Protocols in Molecular 
Biology, eds. Ausubel F., Brent, R., Kingston, R., Moore, D., Seidman, J., Smith, J., and Struhl, K, 
Current Protocols, New York, units 6.9 and 6.10. 
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Invited Lectures: 

Jan. 26, 1984 The Royal Society of London, Biochemistry and Genetics of Complement: Cloning and 
expression of murine C4 and Sip. 

Dec. 12, 1988 Univ. of Missouri, Dept. of Microbiology: Molecular immunology of Interleukin-l. 

Dec. 17, 1991 Univ. of Texas Medical Branch at Galveston: Interleukin-l, a secreted cytokine? 

Nov. 7, 1994 National Workshop on Alopecia Areata: HLA-linked skin disease: classical HLA genes 
or novel genes within HLA? 

Jan. 31, 1995 Ohio State Univ.: Molecular Analysis of the HLA Complex. 

Aug. 25, 1995 BASF BioResearch Corp: Gene Targeting to Define the Role of IL-1 P in vivo. 

Feb. 15, 1996 Barnes- Jewish Medical Grand Rounds: Gene Targeting to Define the in Vivo Functions 
of Cytokines 

May 10, 1996 6 th International Congress, TNF and Related Molecules, Rhodes, Greece: Lymphotoxin- 
cc-Deficient and TNF-Receptor I-Deficient Mice Define Developmental and Functional 
Characteristics of Germinal Centers. 

May 21, 1996 St. Louis Jewish Hospital Grand Rounds: Gene Targeting to Define the in Vivo 
Functions of Cytokines 

Oct. 28, 1996 Chairman, Inflammation Research Association Conference Session: Targets and 
Cytokine Action 

Dec. 16, 1996 University of Washington Immunology Program: Role of Lymphotoxin in Peripheral 
Lymphoid Tissue Development 

Dec. 17, 1996 Immunex Corp.: Essential Role of IL-lp in Contact Hypersensitivity Responses 

Feb. 13, 1997 Biogen Corp.: Role of Lymphotoxin in Peripheral Lymphoid Tissue Development 

Mar. 20, 1997 New York University School of Medicine/Skirball Institute: Essential Role of 
Lymphotoxin in Peripheral Lymphoid Tissue Development 

Apr. 11, 1997 University of Utah, Developmental Biology Program: Cytokine Signals for Lymphoid 
Tissue Development 

May 21 , 1997 Pfizer Corp.: Role of Lymphotoxin in Peripheral Lymphoid Tissue Development 
May 22, 1 997 Inflammation Research Association: Induction of IL- 1 During Apoptosis 
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June 24, 1997 FASEB Conference on Autoimmunity: Cytokine Signals for Lymphoid issue 
Development 

July 1 , 1 997 Gordon Conference: Lymphotoxin, a Primary Determinant of Lymphoid Tissue 
Structure 

Oct 8, 1997 National Jewish Center for Immunology and Respiratory Diseases: Lymphotoxin, a 
Primary Determinant of Lymphoid Tissue Structure 

Dec. 3, 1997 Duke University, Department of Immunology: Role of Lymphotoxin in Peripheral 
Lymphoid Tissue Development 

Jan. 27, 1998 37th Midwinter Immunology Conference, Asilomar: Lymphotoxin-Dependent Signals 
Controlling Peripheral Lymphoid Tissue Development 

Feb. 19, 1998 University of North Carolina, Department of Microbiology: Lymphotoxin-Dependent 
Signals Controlling Peripheral Lymphoid Tissue Development 

Mar. 2, 1998 University of Rochester, Department of Pediatrics: Lymphotoxin-Dependent Signals 
Controlling Peripheral Lymphoid Tissue Development 

May 20, 1998 7th International TNF Congress, Hyannis: Lymphotoxin-Dependent Signals Controlling 
Peripheral Lymphoid Tissue Development 

June 23, 1998 FASEB Conference on Lymphocytes and Antibodies: TNF/LT Family Members as 
Signals for Lymphoid Tissue Development 

June 26, 1998 International Union of Immunological Societies, Symposium on Primary 

Immunodeficiency Diseases: Cytokine Signals for the Development of Primary B Cell 
Follicle Structure 

Sept. 9, 1998 St Jude Children's Research Hospital, Department of Immunology: Lymphotoxin- 
Dependent Signals Controlling Peripheral Lymphoid Tissue Development 

Oct. 27, 1998 International Cytokine Society, Jerusalem: Lymphotoxin-Dependent Signals Regulating 
Primary B Cell Follicle Structure and Function 

Dec. 7, 1998 Washington University Center for Immunology Seminar: Signals Controlling Normal 
Lymphoid Tissue Structure and Function 

Dec. 9, 1998 Wistar Institute: Lymphotoxin, a Major Determinant for Normal Secondary Lymphoid 
Tissue Development and Function 

Jan. 26, 1999 Vanderbilt University, Department of Microbiology and Immunology: Signals 
Controlling Normal Lymphoid Tissue Structure and Function 
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Feb. 11,1 999 Keystone Conference: B Lymphocyte Biology and Disease TNF Family Members in 
Formation of Primary Lymphoid Follicles 

Feb. 27, 1999 American Academy of Allergy, Asthma and Immunology, 55 th Annual Meeting: 
Synergy of Thl and Th2 Cells in Experimental Eosinophilic Airway Inflammation 

Mar. 15, 1999 University of Toronto, Immunology Department Seminar Series: Cellular and 
Molecular Determinants of Peripheral Lymphoid Tissue Structure and Function 

May 8, 1999 Nikolas Symposium, Athens, Greece: Cytokines and Lymphoid Tissue Development 

Sept. 25, 1999 National Residency Education Program, American Association of Allergy, Asthma, and 
Immunology, St. Louis, MO: Allergy-Immunology: from Bench to Bedside. 

Oct. 22, 1999 Allergy Abroad, Paris, France: Cooperation Between T Helper Cells in Allergic Airway 
Inflammation 

Oct. 26, 1999 Allergy Abroad, Lyon, France: Control of Lymphocyte Movement and Function by 
Chemokines 

Oct. 29, 1999 Allergy Abroad, Montpellier, France Organization and Function of Secondary 
Lymphoid Tissues 

Nov. 9, 1999 Stanford University, Program in Immunology Seminar: Regulation of Lymphoid Tissue 
Structure and Function 

Nov. 30, 1 999 Kyoto University, Department of Molecular Genetics: Regulation of Lymphoid Tissue 
Structure and Function 

Dec. 2, 1999 Kyoto, Japan, 29 th Annual Meeting of the Japanese Society for Immunology, 

Symposium on Lymphocyte Development in Germinal Centers: Targeting within 
Secondary Lymphoid Tissues and Control of Antibody Responses 

Apr. 5, 2000 University of Alabama at Birmingham, Department of Microbiology Regulation of 
Lymphoid Tissue Structure and Function 

Apr. 1 7, 2000 NIAID/NCI Symposium: Cells of the Marginal Zone - Origins, Function and Neoplasia, 
Bethesda, MD: Regulation of secondary lymphoid tissue follicle structure and function 
by lymphotoxin 

May 13, 2000 AAI Annual Meeting, Seatde, WA. Major Symposium Co-Chair: Molecular 

Mechanisms of Lymphoid Organogenesis. Regulation of secondary lymphoid tissue 
follicle structure and function by lymphotoxin 

Aug. 19, 2000 Clinical Allergy for the Practicing Physician, St. Louis, MO. DNA Vaccines 
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Sept. 9, 2000 1 st International Workshop on Nucleotides and Their Receptors in the Immune System, 
Ferrara, Italy Is apoptosis required for IL-1 action in vivo? 

Oct. 3, 2000 Howard Hughes Medical Institute: Infection and Immunity Molecular Determinants of 
Spleen Follicle Structure and Function 

Oct. 25, 2000 University of Iowa, Department of Microbiology Regulation of secondary lymphoid 
tissue follicle structure and function by lymphotoxin 

Jan. 17, 2001 Albert Einstein College of Medicine, Division of Biological Sciences Seminar Series 
Molecular Determinants of Spleen Follicle Structure and Function 

Mar. 12, 2001 Washington University Center for Immunology Seminar: Regulation of Secondary 
Lymphoid Tissue Structure and Function by Lymphotoxin and TNF 

Mar. 1 8, 2001 57 th Annual Meeting of the American Academy of Allergy, Asthma and Immunology, 
New Orleans, LA: Grand Seminar. Regulation of Secondary Lymphoid Tissue Structure 
and Function by Lymphotoxin 

Apr. 1 9, 2001 New York University Immunology Program Seminar: Mechanisms Regulating In- 
dependent Inflammation in Peripheral Tissues 

May 23, 2001 Mucosal Immunology at the 21 st Century, Perdido Beach, AL: Plasticity of Secondary 
Lymphoid Tissue Structures 

June 7, 2001 NIH/NIAID Asthma Center Directors Meeting, Bethesda, MD: Regulation of T Helper 
Cell Recruitment to Peripheral Tissues 

July 23, 2001 1 1 th International Congress of Immunology, Stockholm, Sweden: Symposium on 

Antigen Processing and Presentation at Mucosal Surfaces. Control of Lymphoid Tissue 
Structure and Function by LT and TNF 

Nov. 6, 2001 EU and NIH Conference, Siena, Italy: Potential Impact of New Technologies on 

Vaccination in Early Life. Signals for Development of Secondary Lymphoid Organs 

Dec. 5, 2001 British Society for Immunology Annual Congress, Harrogate, UK: Plenary Speaker. 
Recruitment of Th2 Cells to Peripheral Sites in vivo 

Jan. 22, 2002 Department of Microbiology, University of Alabama at Birmingham: Recruitment of 
Th2 Cells to Peripheral Sites in vivo 

Feb. 8, 2002 9 th International Conference on Lymphocyte Traffic and Homeostasis, Newport Beach, 
CA: Structural Elements Regulating Lymphocyte Trafficking to and in the Spleen 

Mar. 2, 2002 58 th Annual Meeting of the American Academy of Allergy, Asthma and Immunology, 



16 



New York, NY: Role of Inflammation in Recruitment of Th2 Lymphocytes to the Lung 

June 9, 2002 FASEB Conference, Anatomy of the Immune Response in vivo, Snowmass, CO: 
Lymphocyte Trafficking Patterns in the Spleen 
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TABLE 7-3 Intracellular or Extrac llular 
Growth Preference Relativ to Eukaiyotic Cells 



Category 


Bacterial Pathog n 


Obligate 


HiCKensia spp 


intracellular 


Coxiella burnetii 




Chlamydia spp 


Facultative 


baimoneua spp 


intracellular 


onigeua spp 




Legionella pneumuptma 




in\/i»civo FGrhprirhia coli 

lnvdolVt? cow/cnwiio *- / *- / " 




Neisseria spp 




MycoDacienum spp 




Listeria monocytogenes 




Qs\rs4£%t£*lla n&rti fCCf C 
DOrOeWlla p&flub&lo 


Predominantly 


Mycoplasma spp 


extracellular 


Pseudomonas aeruginosa 




Enterotoxigenic Escherichia coli 




Vibrio cholerae 




Staphylococcus aureus 




Streptococcus pyogenes 




Haemophilus influenzae 




Bacillus anthracis 



bacterial surface factors that mediate invasion are not known 
in most instances, and often, multiple gene products are 
involved. Some Shigella invasion factors are encoded on a 
140 megadalton plasmid, which, when conjugated into E 
co/i, gives these noninvasive bacteria the capacity to invade 
cells. Other invasion genes have also recently been identi- 
fied in Salmonella and Yersinia pseudotuberculosis. The 
mechanisms of invasion of Rickettsia, and Chlamydia spe- 
cies are not well known. 

Capsules and Other Surface Components 

Bacteria have evolved numerous structural and metabolic 
virulence factors that enhance their survival rate in the host. 
Capsule formation has long been recognized as a protec- 
tive mechanism for bacteria (see Ch. 2). Encapsulated strains 
of many bacteria (e.g., pneumococci) are more virulent and 
more resistant to phagocytosis and intracellular killing than 
are nonencapsuiated strains. Organisms that cause 
bacteremia (e.g., Pseudomonas) are less sensitive than many 
other bacteria to killing by fresh human serum containing 
complement components, and consequently are called se- 
rum resistant. Serum resistance may be related to the amount 
and composition of capsular antigens as well as to the struc- 
ture of the lipopolysaccharide. The relationship between 
surface structure and virulence is important also in Borrelia 



infections. As the bacteria encounter an increasing specific 
immune response from the host, the bacterial surface anti- 
gens are altered by mutation, and the progeny, which are 
no longer recognized by the immune response, express re- 
newed virulence. Salmonella typhi and some of the 
paratyphoid organisms carry a surface antigen, the Vi anti- 
gen, thought to enhance virulence. This antigen is composed 
of a polymer of galactosamine and uronic acid in 1,4-link- 
age. Its role in virulence has not been defined, but antibody 
to it is protective. 

Some bacteria and parasites have the ability to survive and 
multiply inside phagocytic cells. A classic example is Myco- 
bacterium tuberculosis, whose survival seems to depend 
on the structure and composition of its cell surface. The 
parasite Toxoplasma gondii has the remarkable ability to 
block the fusion of lysosomes with the phagocytic vacuole. 
The hydrolytic enzymes contained in the lysosomes are un- 
able, therefore, to contribute to the destruction of the 
parasite. The mechanism(s) by which bacteria such as 
Legionella pneumophila, Brucella abortus, and Listeria 
monocytogenes remain unharmed inside phagocytes are 
not understood. 

Endotoxins 

Endotoxin is comprised of toxic lipopolysaccharide compo- 
nents of the outer membrane of Gram-negative bacteria (see 
Ch. 2). Endotoxin exerts profound biologic effects on the 
host and may be lethal. Because it is omnipresent in the 
environment, endotoxin must be removed from all medical 
supplies destined for injection or use during surgical proce- 
dures. The term endotoxin was coined in 1893 by Pfeiffer 
to distinguish the class of toxic substances released after lysis 
of bacteria from the toxic substances (exotoxins) secreted 
by bacteria. Few, if any, other microbial products have been 
as extensively studied as bacterial endotoxins. Perhaps it is 
appropriate that a molecule with such important biologic 
effects on the host, and one produced by so many bacterial 
pathogens, should be the subject of intense investigation. 

Structure of Endotoxin 

Figure 7-5 illustrates the basic structure of endotoxin. 
Endotoxin is a molecular complex of lipid and polysaccharide; 
hence, the alternate name lipopolysaccharide. The com- 
plex is secured to the outer membrane by ionic and 
hydrophobic forces, and its strong negative charge is neu- 
tralized by Ca 2+ and Mg 2+ ions. 

The structure of endotoxin molecules from Salmonella spp 
and £ coli is known in detail Enough data on endotoxin 
from other Gram-negative organisms have been gathered 
to reveal a common pattern with genus and species diver- 
sity. Although all endotoxin molecules are similar in chemical 
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FIGURE 7-5 Basic structure of endotoxin (Hpopolysaccharide) from Gram-negative bacteria. 
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structure and biologic activity, some diversity has evolved. 
Purified endotoxin appears as large aggregates. The mo- 
lecular complex can be divided into three regions (Fig. 7-5): 
(1) the Ospecific chains, which consist of a variety of re- 
peating oligosaccharide residues, (2) the core polysaccharide 
that forms the backbone of the macromolecule, and (3) lipid 
A, composed usually of a glucosamine disaccharide with 
attached long-chain fatty acids and phosphate. The polysac- 
charide portions are responsible for antigenic diversity, 
whereas the lipid A moiety confers toxicity. Dissociation of 
the complex has revealed that the polysaccharide is impor- 
tant in solubilizing the toxic lipid A component, and in the 
laboratory it can be replaced by carrier proteins (e.g., bo- 
vine serum albumin). 

Members of the family Enterobacteriaceae exhibit Ospecific 
chains of various lengths, whereas N gonorrhoeae, N 
meningitidis, and B pertussis contain only core polysac- 
charide and lipid A. Some investigators working on the latter 
forms of endotoxin prefer to call them lipobligosaccharides 
to emphasize the chemical difference from the endotoxin 
of the enteric bacilli. Nevertheless, the biologic activities of 
all endotoxin preparations are essentially the same, with 
some being more potent than others. 

Biologic Activity of Endotoxin 
♦ 

The biologic effects of endotoxin have been extensively stud- 
ied. Purified lipid A (conjugated to bovine serum albumin) 
and endotoxin elicit the same biologic responses. Table 7-4 
lists some of the biologic effects of endotoxin. The more 
pertinent toxic effects include pyrogenicity, leukopenia fol- 
lowed by leukocytosis, complement activation, depression 
in blood pressure, mitogenicity, induction of prostaglandin 
synthesis, and hypothermia. These events can culminate in 
sepsis and lethal shock. However, it should be noted from 
Table 7-4 that not all effects of endotoxin are necessarily 



detrimental; several induce responses potentially beneficial 
to the host, assuming the stimulation is not excessive. These 
include: 



1. 



mitogenic effects on B lymphocytes that increase resistance 
to viral and bacterial infections 

induction of gamma interferon production by T lympho- 
cytes, which may enhance the antiviral state, promote 
rejection of tumor cells, and activate macrophages and 
natural killer cells 

activation of the complement cascade with the formation 
of C3a and C5a 

induction of the formation of interleukin-1 by macroph- 
ages and interleukin-2 and other mediators by T 
lymphocytes. 



Current research focuses on exploiting some of the potential 
beneficial effects of "nontoxic" endotoxin derivatives and 
holds promise for development of future treatment regi- 
mens for stimulating the immune response. For example, 
the toxicity of endotoxin is largely attributed to lipid A, at- 
tached to a polysaccharide carrier. The toxicity of lipid A is 
markedly reduced after hydrolysis of a phosphate group or 
deacylation of one or more fatty acids from the lipid A 
molecule. Clinical trials are in progress to test a 
monophosphoryi lipid A for its potential of inducing low 
dose tolerance to endotoxin. Tolerance to endotoxin can 
be achieved by pretreatment of an animal with low doses of 
endotoxin or a detoxified lipid A derivative before challenge 
with high doses of endotoxin. Experimental studies have 
demonstrated that induction of tolerance to endotoxin re- 
duces the dangerous effects of endotoxin. It is hoped that 
these relatively nontoxic lipid A derivatives may be useful in 
reducing the severity of bacterial sepsis in which bacterial 
endotoxin produces a life-threatening clinical course. 
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TABLE 7-4 Multiple Biologic Activiti s 
Exhibited by the Lipid A Compon nt of 
Endotoxin 



Pyrogenicity 

Leukopenia, leukocytosis 
Complement activation 
Depression of blood pressure 
Hageman factor activation 
Platelet activation 
Induction of plasminogen activator 
Bone marrow necrosis 
Hypothermia in mice 
Lethal toxicity in mice 
Shwartzman reaction 
Induction of prostaglandin synthesis 
Limutus lysate gelation 

•Induction of nonspecific resistance to infection 
•Induction of endotoxin tolerance 
•Adjuvant activity 

*Mitogenic activity for lymphocytes 
•Macrophage activation 
•Induction of interferon synthesis 
•Induction of tumor necrosis factor synthesis 



*Potentially beneficial stimulatory effects of endotoxin in low 
doses. 



Endotoxin, which largely accumulates in the liver following 
injection of a sublethal dose by the intravenous route, can 
be devastating because of its ability to affect a variety of cell 
and host proteins. Kupffer cells, granulocytes, macroph- 
ages, platelets, and lymphocytes all have a cell receptor on 
their surface called CD 14, which binds endotoxin. Endot- 
oxin binding to the CD 14 receptor on macrophages is 
enhanced by interaction with a host protein made in the 
liver (i.e., LPS-binding protein). The extent of involvement 
of each cell type probably depends on the level of endo- 
toxin exposure. The effects of endotoxin on such a wide 
variety of host cells result in a complex array of host re- 
sponses that can culminate in the serious condition 
gram-negative sepsis, which often leads to shock and death. 
The effects of endotoxin on host cells are known to stimu- 
late prostaglandin synthesis and to activate the kallikrein 
fystem, the kinin system, the complement cascade via the 
alternative pathway, the clotting system, and the fibrinolytic 
pathways. When these norma! host systems are activated 
and operate out of control, it is not surprising that endo- 
toxin can be lethal. Although it is difficult to comprehend 
the mechanisms of all the cell responses and the myriad 
sequelae of the cell mediators released rather indiscrimi- 



nately in the host following exposure to endotoxin, it does 
seem dear that the host cellular response to endotoxin, rather 
than a direct toxic effect of endotoxin, plays the major role in 
causing tissue damage (Fig. 7-3). 

Detection of Endotoxin in Medical 
Solutions 

Endotoxin is omnipresent in the environment. It is found in 
most deionized-water lines in hospitals and laboratories, for 
example, and affects virtually every biologic assay system 
ever examined. It tends to be a scapegoat for all biologic 
problems encountered in the laboratory, and, many times, 
this reputatiqn is deserved. Because of its pyrogenic and 
destructive properties, extreme care must be taken to avoid 
exposing patients to medical solutions containing endotoxin. 
Even though all supplies should be sterile, solutions for in- 
travenous administration can become contaminated with 
endotoxin-containing bacteria after sterilization as a result 
of improper handling. Furthermore, water used in the prepa- 
ration of such solutions must be filtered through ion exchange 
resins to remove endotoxin, because it is not removed by 
either autoclave sterilization or filtration through bacterial 
membrane filters. If endotoxin-containing solutions were used 
in such medical procedures as renal dialysis, heart bypass 
machines, blood transfusions, or surgical lavage, the patient 
would suffer immediate fever accompanied by a rapid and 
possibly lethal alterations in blood pressure. 

Solutions for human or veterinary use are prepared under 
carefully controlled conditions to ensure sterility and to re- 
move endotoxin. Representative samples of every 
manufacturing batch are checked for endotoxin by one of 
two procedures: the Limulus lysate test or the rabbit pyro- 
genicity test. The rabbit pyrogenicity test is based on the 
exquisite sensitivity of rabbits to the pyrogenic effects of 
endotoxin. A sample of the solution to be tested usually is 
injected intravenously into the ear veins of adult rabbits while 
the rectal temperature of the animal is monitored. Careful 
monitoring of the temperature responses provides a sensi- 
tive and reliable indicator of the presence of endotoxin and, 
importantly, one measure of the safety of the solution for 
use in patients. 

The Limulus lysate test is more common and less expen- 
sive. This test, which is based on the ability of endotoxin to 
induce gelation of lysates of amebocyte cells from the horse- 
shoe crab Limulus polyphemus, is simple, fast, and sensitive 
(about 1 ng/ml). It is so sensitive, however, that trace quan- 
tities of endotoxin in regular deionized water often obscure 
the results. It can be used for rapid detection of certain Gram- 
negative infections (e.g., of cerebrospinal fluid); however, 
blood contains inhibitors that prevent gelation. Test kits are 
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commercially available. The amebocyte is the sole phago- 
cytic immune cell of the horseshoe crab, and the gelation 
reaction is believed to be involved in sequestering invading 
Gram-negative bacteria. 

Exotoxins 

Exotoxins, unlike the lipopoly saccharide endotoxin, are 
protein toxins released from viable bacteria. They form a 
class of poisons that is among the most potent, per unit 
weight, of all toxic substances. Most of the higher molecu- 
lar-sized exotoxin proteins are heat labile; however, numerous 
low molecular-sized exotoxins are heat-stable peptides. Un- 
like endotoxin, which is a structural component of all 
Gram-negative cells, exotoxins are produced by some mem- 
bers of both Gram-positive and Gram-negative genera. The 
functions of these exotoxins for the bacteria are usually un- 
known, and the genes for most can be deleted with no 
noticeable effect on bacterial growth. In contrast to the ex- 
tensive systemic and immune-system effects of endotoxin 
on the host, the site of action of most exotoxins is more 
localized and is confined to particular cell types or cell re- 
ceptors. Tetanus toxin, for example, affects only internuncial 
neurons. In general, exotoxins are excellent antigens that 
elicit specific antibodies called antitoxins. Not all antibodies 
to exotoxins are protective, but some react with important 
binding sites or enzymatic sites on the exotoxin, resulting in 
complete inhibition of the toxic activity (i.e., neutralization). 

Exotoxins can be grouped into several categories (e.g., 
neurotoxins, cytotoxins, and enterotoxins) based on their 
biologic effect on host cells. Neurotoxins are best exem- 
plified by the toxins produced by Clostridium spp, for 
example, the botulinum toxin formed by C botulinum. This 
potent neurotoxin acts on motor neurons by preventing 
the release of acetylcholine at the myoneural junctions, 
thereby preventing muscle excitation and producing flac- 
cid paralysis. The cytotoxins constitute a larger, more 
heterogeneous grouping with a wide array of host cell 
specificities and toxic manifestations. One cytotoxin is 
diphtheria toxin, which is produced by Corynebacterium 
diphtheriae. This cytotoxin inhibits protein synthesis in 
many cell types by catalyzing the ADP-ribosylation of elon- 
gation factor II, which blocks elongation of the growing 
peptide chain. 

Enterotoxins stimulate hypersecretion of water and electro- 
lytes from the intestinal epithelium and thus produce watery 
diarrhea. Some enterotoxins are cytotoxic (e.g., shiga-like 
enterotoxin from E coli), while others perturb eukaryotic cell 
functions and are cytotonic (e.g., cholera toxin). Enterotox- 
ins also can disturb normal smooth muscle contraction, 
causing abdominal cramping and decrease transit time for 



water absorption in the intestine. Enterotoxigenic £ coli and 
V cholerae produce diarrhea after attaching to the intesti- 
nal mucosa, where they elaborate enterotoxins. Neither 
pathogen invades the body in substantial numbers, except 
in the case of E coli species that have acquired an invasion 
plasmid. Importantly, cholera toxin and E coli heat-labile 
enterotoxins I and II cause ADP-ribosylation of cell proteins 
in a manner similar to diphtheria toxin, except that the pri- 
mary target is the regulatory protein (G s ) of adenylate cyclase, 
resulting in increased levels of cyclic 3',5-adenosine mono- 
phosphate (cAMP) (see Ch. 25). In contrast, the organisms 
responsible for shigellosis (Shigella dysenteriae, S boydii, 
Sftexneri, and S sonnei) penetrate the mucosal surface of 
the colon and terminal ileum to proliferate and cause ulcer- 
ations that bleed into the intestinal lumen. Despite causing 
extensive ulceration of the mucosa, the pathogens rarely 
enter the bloodstream. The Shiga enterotoxin produced by 
Shigella species and the Shiga-like enterotoxin elaborated 
by many isolates of E coli inhibit protein synthesis in eu- 
karyotic cells. It is not clear how this cytotoxic enterotoxin 
causes hypersecretion of water and electrolytes from the 
intestinal epithelium. These enterotoxins differ from those 
secreted by V cholerae and E coli in that the Shiga toxins 
are cytotoxic and lethal, whereas the cholera toxin-like en- 
terotoxins are not. The latter enterotoxins cause no structural 
damage to cells, and are described as cytotonic. The ensu- 
ing inflammatory response to the invading bacteria and/or 
their toxins appears to activate neurologic control mecha- 
nisms (e.g., prostaglandins, serotonin) that normally regulate 
water and electrolyte transport. 

Siderophorcs 

Both animals and bacteria require iron for metabolism and 
growth, and the control of this limited resource is often used 
as a tactic in the conflict between pathogen and host. Ani- 
mals have evolved mechanisms of "withholding" iron from 
tissue fluids in an attempt to limit the growth of invading 
bacteria. Although blood is a rich source of iron, this iron is 
not readily available to bacteria since it is not free in solu- 
tion. Most of the iron in blood is bound either to hemoglobin 
in erythrocytes or to transferrin in plasma. Similarly, the 
iron in milk and other secretions (e.g., tears, saliva, bron- 
chial mucus, bile, and gastrointestinal fluid) is bound to 
lactoferrin. Some bacteria express receptors for eukoyotic 
iron-binding proteins (e.g., transferrin-binding outer mem- 
brane proteins on the surface of Neisseria spp). Via these 
specialized receptors iron acquisition is facilitated, provid- 
ing the esssential element for bacterial growth. 

Other bacteria have evolved elaborate mechanisms to 
extract the iron from host proteins (Fig. 7-6). Siderophores 
are substances produced by many bacteria (and some plants) 
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standard deviations are variance weighted. Rhythmic traces are those with any period - 
estimate in the circadian range, 15-35 h, as described': All rhythm assays were conducted 
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Protege role off phospholipid 
oxidation piquets in endotoxin- 
induced tissue damage 

Valery li. Bocnkov, Alexandra Kadi, JoaJdm Huber, Florian Gruber, ' 
Bernd R. Binder & Norbert Lerbnger 

Department of Vascular Biology and Thrombosis Research University of Vienna, 
Schimrzspanierstrasse 17, . 1090 Vienna, Austria; and BMT-Resedrch, . 
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Lipopolysaccharide (LPS); an outer-membrane component #>f 
Gram-negative bacteria, interacts with LPS-binding protein y 
and CD14, which present LPS to toll-like receptor 4 (refs 1, v 2)j 
which activates inflammatory gene expression through nuclear 
factor kB (NFkB) and mi togen-activated protein- kinase signal- . 
ling 3,4 . Antibacterial defence involves activation of neutrophils 
that generate reactive oxygen species capable of killing bacteria 5 ; 
therefore host lipid peroxidation occurs, initiated by enzymes 
such as NADPH oxidase and myeloperoxidase 6 . Oxidized phos- 
pholipids are pro-inflammatory agonists promoting chronic 
inflammation in atherosclerosis 7 ; however, recent data suggest 
that they can inhibit expression of inflammatory adhesion. 
molecules 8 . Here we show that oxidized phospholipids inhibit 
LPS-induced but hot tumour-necrosis factor T a-induced or iriter- 
leiikin-10-induced NFicB-iTiediated upregulation of inflamma- 
tory genes, by blocking the interaction of LPS with LPS- 
binding protein and CD 14. Moreover, in LPS-injected mice, 
oxidized phospholipids inhibited inflammation and protected 
mice from lethal endotoxin shock. Thus, in severe Gram-negative 
bacterial infection, endogenously formed oxidized phospho- 
lipids may function as a negative feedback to blunt innate 
immune responses. Furthermore, identified chemical structures 
capable of inhibiting the effects of endotoxins such as LPS ' 
could be used for the development of new drugs for treatment 
of sepsis. 

Lipids containing polyunsaturated fatty acids such as l-palrnHv 
toyl-2-arachidonoyl-5«-glycero-3-phQsphorylcholine (PAPC); are 
especially prone to oxidative modification. Oxidation of PAPG 
results in generation of a mixture of oxidation products (OxPABC*)/ 
some of which stimulate adhesion of monocytes to endothelial. ; 
cells and induce expression of inflammatory genes in endothelial /: 
cells*" 10 . Thus, a role for oxidized phospholipids as culprj.t$^ J 
chronic inflammation was suggested. On the other handi we;!^^; 
shown that OxPAP f 6 inhibited neutrophil adhesion to endothdiial 4 
cells induced by LPS 8 . v.-::-; 

Here we show that OxPAPC blocked LPS-induced upregulation 
of the inflammatory adhesion molecules E-selectin, ICAMtI and 
VCAM-1 on human umbilical- vein endothelial cells (HtTVrlC) 
(Fig. la). The inhibitory effect of OxPAPC was concentrations 
dependent, with half : maximal inhibition observed at 10 jxg mT 1 
OxPAPC (Fig. lb). The effects of LPS at concentrations as high as ; 
500 ng ml" 1 were inhibited by 50 jig ml - 1 OxPAPC. Because • 
expression of E-selectin, ICAM-1 and VCAM-1 is NFKr)-dependebti 
we examined the influence of OxPAPC on signalling events . 
at different levels of the NFrtB cascade. We found that 
OxPAPC inhibited LPS-induced activation of a 5 X NFkB-lucifer- 
ase reporter construct (Fig. lc), binding of p65 to its -E>NA : 
consensus site (Fig. Id); and phosphorylation and degradation of 
kBa (Fig. le), - 

NFkB is activated during inflammation by various receptors 
including the LPS toll-like receptor 4 (TLR4), the interleukin 1 
(IL-1) receptor, and the tumour- necrosis factor-a (TNFa) receptor. 
In contrast to LPS, TNFa-induced phosphorylation and degfa- 
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dation of IkBcc were not significantly inhibited by OxPAPC (Fig. 1 e). 
Moreover, OxPAPC) blocked LPS-induced but not TNFa -induced 
activation of p38 mitogenractivated protein (MAP) kinase (Fig; le). 
Signalling events downstream of the IL-1 receptor and TLR4 
converge on MyD88, which binds to the cytdsolic domains of the 
receptors and couples them to downstream i signalling cascades 4 ; 
However, effects of IL-i0 on expression of E-selectin were hot 
inhibited by OxPAPC (Fig. 10..Thus; these data indicate that the 
inhibitory effect of OxPAPC was specific for LPS arid occurred 
upstream of MyD88, apparently at the level of LPS recognition by 
ceUular or soluble receptor(s),. : : 

Activation of innate immune responses. by LPS can be inhibited 
by various soluble, molecules that bind LPS and; neutralize its 
activity. These include certain plasma proteins, lipoproteins and 
lipids 1 1-14 and inhibitors structurally related to polymyxin B 15 . 
Alternatively, the action of LPS is inhibited by tipid- A-like LPS 
antagonists, which form inactive (complexes with TLR4 or its 
accessory proteins 1 * Both : the inhibitory action of LPS-biriding 
substances as well as lipid-A4ike LPS antagonists can be overcome 
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Rgure 1 OxPAPC selectively inhibits LPS-induced intracellular signalling and expression 
of inflammatory adhesion molecules in HUVEC. a, OxPAPC inhibits LPS-induced . 
upregulatjon of E-selectin ( ICAM-1 and VCAM-1. b t The inhibitory effect of OxPAPC on 
LPS-induced E-selectin expression is concentration-dependent c, OxPAPC inhibits LPS- 
induced activation of a 5 x NFicB-luciferase reporter. d ( OxPAPC inhibits LPS-induced 
DNA-binding activity of p65. 'Specific , binding represents the difference between the 
binding in the absence or presence of excess of soluble consensus ofigonucleorjde. 
e, OxPAPC blocks LPS-induced phosphorylation (p) and degradation of l*Ba and p38 
MAP kinase phosphorylation, f, OxPAPC inhibits the action of LPS, but not of L-1p and 
TNFa. HUVEC were stimulated with LPS pOOngml" 1 ), TNFa pOUmT 1 ) or IL-10 
(lOng ml -1 ) in the presence or absence of 50 jigm!" 1 OxPAPC. a-f, See Methods for 
additional experimental details. A 49 onm. absorbance at 490 nm. 



by high LPS concentrations* 7 . We found, however, that increasing 
LPS concentrations could hot overcome the inhibitory effect of 
OxPAPC (Fig. 2a). Moreover, LPS-trapping substances are known 
to inhibit LPS-induced dotting activity of the ' Limulus amoebo- 
cyte lysate (LAL), while several lipid- A-like LPS antagonists 
activate dotting 18 ; OxPAPC neither stimulated nor inhibited 
LPS-induced dotting activity of the LAL (Fig. 2b). Although 
serum also contains LPSrbinding activity, increasing concen- 
trations of serum did not mimic the inhibitory action of OxPAPC 
on E-selectin expression induced by LPS (Fig. 2c). These, data 
indicate that OxPAPC inhibits LPS action by a mechanism 
different from known LPS antagonists: We hypothesized that 
OxPAPC could interfere with recognition of LPS by LPS-biriding 
protein (LBP) and CD 14, both presenting LPS to TLR4 (ref. 2) 
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Rgure 2 OxPAPC inhibits effects of LPS by blocking interactions of LPS with LBP and 
CD14. a, Increasing concentrations of LPS do .not overcome the inhibitory activity of 
OxPAPC. HUVEC were stimulated with increasing concentrations of LPS in the presence of 
indicated concentrations of OxPAPC. E-selectin EUSA was performed as described in 
Methods, b, OxPAPC does hot interfere with the LAL endotoxin assay, c, LPS-induced 
expression of E-selectin is not inhibited by high concentrations of serum. HUVEC were 
stimulated with LPS in the presence or absence of OxPAPC in medium 1 99 supplemented 
with indicated concentrations of bovine calf serum, d, OxPAPC inhibits binding of 
biotin-LPS to immobilized C014. Binding and detection of biotinylated LPS to CD14- or 
BSA-coated microwell plates were performed as described in the Methods. Where 
indicated, the incubation medium contained 50 jig ml" 1 OxPAPC. e, OxPAPC 
inhibits binding of biotin-LPS to immobilized LBP. f, Concentration dependence of the 
inhibition of LPS/LBP binding by OxPAPC Microweils containing immobilized LBP were 
treated with indicated concentrations of sonicated native or oxidized PAPC and 
100 ng ml" 1 biotin-LPS. Detection of bound biotin-LPS was performed as described in 
Methods. 
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and being critical for LPS signalling in endothelial cells 19 - 20 . Apart 
from LPS, CD 14 and LBP have been shown to bind phospholipids 
catalysing their transfer between cells and lipoproteins 2 ia2 . Indeed, 
OxPAPC inhibited binding of LPS to immobilized CD14 (Fig. 2d). 
OxPAPC also inhibited binding of LPS to immobilized LBP 
(Fig. 2e). The inhibitory action was concentration-dependent 



and specific for oxidized PAPC, whereas native PAPC was not 
effective (Fig. 2f)- 

Next we examined structural requirements for lipids to inhibit 
effects of LPS. We found that the inhibitory activity was specific for 
oxidized phospholipids because other lipids that are potentially 
present in OxPAPC preparations and known to exert a variety of 
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Rgure 3 Oxidized phospholipids inhibit effects of endotoxin in vivo, a, OxPAPC inhibits 
LPS-induced accumulation of leukocytes reactive for myeloperoxidase in mouse skin. 
Arrow indicates myeloperoxidase-expressing leukocyte, b, Myeloperoxidase activity in the 
skin of LPS/OxPAPC-treated mice: c, OxPAPC inhibits LPS-induced accumulation of 
leukocytes in the air pouch model of inflammation, d, OxPAPC inhibits LPS-induced 
nuclear translocation of p65 in the air pouch wall. We note colocalization of p65 (green) 
with DAPI-stained nuclei (blue) in LPS-treated cells, e, OxPAPC inhibits LPS-induced 
VCAM-1 expression in the air pouch wall. Arrow indicates endothelial cell, arrowhead 
indicates myofibroblasts of the pouch wall, f, OxPAPC inhibits induction of E-selectin 



mRNA by LPS. Expression of E-selectin mRNA in heart, peritoneal wall and aorta was 
measured after injection of 50 u,g of LPS intraperitoneal^ with or without 200 u.g of 
OxPAPC in 0.9% saline. After 3 h, animals were killed, and the tissues were processed for 
E-selectin mRNA quantification, g, OxPAPC inhibits LPS-induced extravasation of white 
Wood cells into the peritoneum, h, OxPAPC inhibits LPS-induced oedema formation in the 
peritoneal wall. Staining is with haematoxylin-eosin. Arrowheads indicate inflammatory 
cells, i, OxPAPC increases survival in mice treated with lethal doses of LPS. a-J, See 
Methods for experimental details. 
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Rgure 4 The ahti-endotdxin activity of OxPAPC is not mimicked by other lipids, crucially 
depends on GxPAPC oxidation; and is not mediated by free radicals, a, The inhibitory 
effect of (bcpAPC is not. mimicked by other lipids. HUVEC;were incubated with the 
indicated lipids t30 ug mi -1 ) and 300 hg mP 1 LPS. b. Oxidation of PAPC is a prerequisite 
for its anti-endotoxin activity! HUVK: Were treated with indicated concentrations of 
sonicated native or oxidized PAPC and 300 ng ml"' LPS. c, inhibitory action of OxPAPC 
is not rescued by the free-radical scavenger butyiated.hydroxytoluene (BHT). HUVEC 
were stimulated with.LPS/OxPAPC in the presence of 25 pM BKT or 0.1 % ethanol 
(vehicle), d, POVPC inhibits LPS;induced upregulation of E-selectin. HUVEC were 
treated with P0VPC or OxPAPC (each at 20 jtg miT 1 ) arid LPS (300 ng ml" 1 ), a-d, After 
4 h, surface expression of E-selectin was determined by cell EUSA as described in 
Methods!'; ' .'- 

biological effects, namely arachidoriic acid and lysophosphatidyl- 
choline, did not inhibit LPS-induced upregulation of E-selectin 
(Fig. 4a), Furthermore, only oxidized PAPC possessed the inhibi- 
tory activity, while nonVoxidized PAPC or phosphatidylcholine 
containing saturated fatty acids (dimyristoylphosphatidylcholine, 
DMPC) were inactive i Fig. 4a and b). These data clearly show that 
oxidative modification is essential, for phospholipids to gain anti- 
endotoxin activity. The inhibitory activity was not due to free- 
radical generation or free radicals already present in the OxPAPC 
preparations because addition of the antioxidant butylated hydroxy- 
toluene had no effect (Fig. 4c). To identify individual lipid oxidation 
products responsible for the inhibitory activity, the lipid oxidation 
products contained in OxPAPC were fractionated using high- 
performance liquid chromatography/mass spectrometry (HPLC/ 
MS) 9 . In fractions that inhibited LPS action, we consistently found a 
molecule with mass-to-charge ratio (m/z) = 594, previously identi- 
fied as l-palmitoyl-2-oxovalerolyl-sn-glycero-3-phosphorylcholine 
(POVPC) 9 . In fact, synthesized POVPC 8 inhibited LPS-induced 
E-selectin expression (Fig. 4d). 

To determine whether OxPAPC exerts inhibitory effects also in 
vivo, we investigated LPS-induced inflammation at various levels of 
the 'inflammatory response, that is, NFkB activation, expression of 
inflammatory adhesion molecules and extravasation of inflamma- 
tory cells, using three established models of local and systemic LPS- 
induced inflammation in mice. In a skin model, OxPAPC inhibited 
LPS-induced accumulation of myeloperoxidase-expressing leuko- 
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cytes at the site of injection (Fig. 3a, b). In an air pouch model 23 , 
OxPAPC inhibited LPSt induced neutrophil immigration into the 
pouch cavity (Fig. 3c), p65 nuclear translocation in cells of the 
pouch wall (Fig. 3d) and VCAM-1 expression in.endothelial cells as 
well as myofibroblasts in the pouch wall (Fig. 3e). After intra- 
peritoneal injection of LPS, OxPAPC inhibited induction of 
E : selectin messenger RNA locally in the peritoneal wall, but also 
systemically in heart and aorta (Fig. 3f). Moreover, OxPAPC 
inhibited accumulation of blood-borne cells in the peritoneal cavity 
(Fig: 3g) ind. blocked oedema for^ of 
me peritoneal wall (Fijg: 3h)^These inhibits 
inflarnniatbry: effects of LPS also: in vviv^ : ¥md^y^^^C signifi- 
cant' incre^^ survival in mice injected mth'iethal doses of LPS 

(Fig. 30- . " . : '-y-?:.^-^ 

Taken together, these results demonstrate to inhibition of LPS- 
induced acute inflammation by 'oxidized phospholipids suppresses 
innate immime responses bo^ clearly 
show that the anti-inflammatory action i of OxjAPC is specific for 
LPS as compared to mflarhm^tory; -'cytoKries^-lNFci;': and IL- 1 3 . 
Thus, end0genously formed oxidized r "phospho lip i<ls potentially 
blunt the initiation of LPS? induced aciit£ inflarnmation, although 
previous data indicate that they propagate chronic inflam- 
mation 7 . Furthermore, OxPAPC inhibits faction of endotoxin 
through a mechanism apparently : different from simple LPS 
entrapment leading to the formation of biologically inactive 
complexes. Our data instead suggest' that" the inhibition of the 
LPS effects by OxPAPC is mediated by; interference with LPS 
binding to LBP and CD 14, thereby inhibiting LPS presentation to 

TLR4. \'/y"' - : 'A^y - 

We also find that oxidation 'is crucial ' for PAPC to acquire the 
anti-endotoxin activity. Thus, oxidation renders phospholipids 
capable of interacting with components of ^the irinate immune 
system and of modifying responses to G ram-negative bacterial 
products. Given that under normS conditions LP$ antagonistic 
activity of PAPC is low, it may increase dramatically at sites of 
bacterial inflammation owing to high concentrations of neutro- 
phil-derived reactive oxygen species inducing lipid peroxidation 5 . 
This raises the possibility that phospholipid oxidaubn serves as a 
negative feedback mechanism to dowriregiilate atute inflammation 
in Gram-negative infection. In addition^ wejidentif^^P&VPC as one 
chemical structure exerting anti-endotoxin ^effects, : a compound 
quite different from previously described LPS scavengers or LPS 
receptor antagonists such as polymyxin B or lipid- A like sub- 
stances 15 * 16 . These findings open up the possibility of developing 
new anti-endotoxin drugs with distinct chemical and pharmaco- 
dynamic properties. □ 



Methods 

Lipids and lipopotysaccharide 

PAPC DMPC, l-palinitoyi-sn-glyccro-3-pho$phory!choIinc QysoPC), arachidonic acid 
and lipopolysaccharide from £ coli serotype 055:B5 were purchased from Sigma-Aldrieh, 
Vienna, Austria. OxPAPC was obtained by air oxidation of dry PAPC as described 
previously* and was stored in chloroform at - 70 °C POVPC was synthesized as 
described 1 . Immediately before the experiment, lipids were dried in glass tubes under the 
stream of N 2 , and solubilized in culture medium by vigorous vortexing for 30 s. Where 
indica ted, the lipids were additionally sonicated for 30 s.. 

Cells 

Human umbilical-vein endothelial cells (HUVEC) were obtained and cultured as 
described 10 . Monolayers of HUVEC at passages 3 to 6 were treated with OxPAPC and 
agonists in medium 199 containing 10% supplemented calf serum or fetal calf serum 
(FCS) (HyClone). OxPAPC and other lipids were added to cells 20 min before the addition 
of stimuli. Longer preincubation did not produce stronger inhibition of the effects of LPS. 
In the absence of serum, the cells were insensitive to LPS. 

Cell EUSA 

For the enzyme-linked immunosorbent assay (ELISA), HUVEC were treated with lipids 
and agonists for 4 h, and then the cells were washed and fixed. Cell-surface-expressed E- 
selectin, ICAM-1 or VCAM-1 was detected using corresponding antibodies (R&D 
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Systems), secondary peroxidase -conjugated antibodies and o-phenylenediamine as '. 
substrate. 

Quantification of NFicB-dependent transcriptibri 

Co- transection of HUVEC with pNFicB-Luc (Stratagene)'and pCMVp (Clontech) was 
performed as described 10 . Two days after transfection, the cells were stimulated with 
300 ng ml" 1 LPS in the presence or absence of OxPAPC, arid 6 h later were processed for 
luciferase and prgalactosidase activity measurements. 

Analysis of D65/DNA binding *. . ... 

HUVEC were stimulated with 300 ng ml" } LPS for. 60 min in the presence or absence of . 
25ngml _1 OxPAPCl Analysis of p65 binding to its consensus oligonucleotide was 
performed in HUVEC lysates using the ELISA-based trans-AM NFkB p<S$ kit (Active 
Motif). ' \ . '■■ • • > • 

Western blotting . 

HUVEC were stimulated .with 300 ng ml~ 1 LPS or 20 U mlT 1 TNFor in the presence or 
absence of 50 ug ml" 1 OxPAPC After 20 minXphospho-IuBa ), 1 h (total UBa) or 2 h (p38 
MAPK), cells were scraped arid analysed by western blotting as described 10 ! 

limulus amoebocyte lysate assay 

OxPAPC aliqubts (60|ig ml" 1 ) Were riuxed with equal volumes of LPS dilutions to 
produce final concentrations indicated on the x^axis in Fig. 2b. After S.min at 37 °C, LAL 
reagent was added and LAL' activity was determined by a quantitative chromogenic assay 
(Endochrome, Charles River Endqsafe). 

Binding of biotin-LPS to CD14 arid LBP 

LPS was biotinylated using EZ-Link Biotin-LC-Hydrazide (Pierce). Binding of biotin- * 
LPS to recombinant human CD 14 (Biometec) adsorbed onto ELISA plates was . 
measured as described in ref. 24. Binding reaction was performed for 30rniri at 37 P C in 
PBS/0.5% BSA buffer containing 1% FCS. In the absence of serum, binding of biotin- 
LPS to CD14 was below the detection limit. Bound biotin— LPS was detected with 
streptayidin-peroxidase and o-phenylenediamine. Binding of biotin-LPS to . 
recombinant LBP (Biometec) captured by anti-LBP (HM14, a gift from W. A. Buurman) 
adsorbed to ELISA plates was measured as described in ref. 25. The binding was 
performed in PBS/0.1% BSA buffer. Detection of bound biotin-LPS . was performec! as 
described for CD 14. ^ ^ ^ -'\ 

Animals 

Experiments were performed according to Austrian animal rights law uSmg female C57BL7 
61 mice (Institut fur Labortierkunde urid -genetik) of 20 g body 'weight 

Skin model of inflammation 

LPS (10 fig) with or without 0xPAPCX5^ : 
was injected intrade^aUy into the aM arid the 

skin at the injection site was excised and either' enibeclded irj opumal-cuttirijg-temperature 
compound for mihiunoru^t^eh^try or homogenized in potassium phosphate buffer : 
(50 mM, pH 6.0) continmg 0.5> hexid Sections of 

skin were stained for myelpperbnrlase (MPO) using ariti^MPO , (firom Dako) and Alexa . 
466-labeUed secondary antibodies (Moleciilar.Probtt): NudttWere stained with 0API . 
(Sigma- Aldrich). MPO.acti^tyln homogehatei was monitored at ^4^ nm. Rising H 2 0 2 and 
(^ianisicu1ie;(Si^a-AIdrich) as ^bstrates 2 *, ].: ' . ; . / ; ! . ; : ' / : . a - 

Air pou<^ rhodef of inflamniaflon • V ; - : : H 

Air pouches of 5 jril were raised ori day 6 on . the! dorsal surface of mice under light , 
halothane anaesthesia^ : and a furtlier.3 ml blf air was injected 3 days jater^: At day seven^ 
50 |ig of tPS, 250 jig oic^A^ or 'a combination of b<^ the pouch in 

1 ml of 0.9% saline. Twenty-four, h^ rnice were. ku^.VAe/p^oudies were lavaged 

and leukocytes were countecLSectidris of air pouch wall Were stained for pSS (Santa Cruz 
Biotechnology) or VCAM-1 (Southern Biotechnology Associates); Nuclei were stained 
withDAPL N*.V-'.--\/ ' ' Vl . ••*;'■ V' '■ 

Peritoneal ni6del of inflamrnabon 

Mice were inj^^lnuSipOTtoiiealry ;(i.p.) with 10 u.g of LPS with of without 50 jig of 
OxPAPC at days p.alrjd.l. At d# £ the animais were killed and peritorieal leukocytes were 
counted in the Ravage fluid. Paraf^-'embed^ed sapttal sectiorii of the anterior abdominal 
wall were stained with haematoxytin arid eosin. 

Survival studies . ^ 

Mice were injected i.p. with 0-6 mg'of LPS with or without 1.2 mg of OxPAPC in 0.5 ml of 
0.9% saline. Survival was checked three times daily for up to 5 days. 

mRNA expression 

The mice were killed, and isolated organs were immersed into the RNAlater solution 
(Ambion). One fig of total RNA isolated using the RN Aqueous 4PCR kit (Ambion) was 
reverse transcribed using GeneAmp RNA PCR core kit (Applied Biosystems). 



Quantification of E-selectin mRNA was performed by real-time polymerase chain reaction 
(PCR) using the LightCyder instrument and Fast Start DNA Master SYBR Green I kit - 
(Roche Diagnostics) as recommended by the manufacturer. The fpflowing prut^^e 
used: forward^ 5 ' -GGTTTGGTG AGGTGTGCTC; reverse, 5' -TGATClifTCG<X3GAAC 
TGC Each sample was also analysed for expression of 3 r microglobulin, which was used 
for normalization of E-seiectiri data. 

Statistics 

The data are presented as" meariValues ± standard deviations. The data are repnsentative 
of at least two experiments producing similar results. 
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